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Mathematics Education Reports 

c 

Mathematics Education Reports are being, developed to disseminate 
Infoxnnation concerning mathematics education documents analyzed at 
the ERIC Information Analysis Center for Science, Mathematics, and, 
Environmental Education^ These reports fall .into three broad cate- 
gories. Research reviews summarize and analyze recent research in 
.specific areas oi' mathematics education. Resource guides ident?^^ 
and analyze materials and references for use by mathematics teachers 
' at all levels. Special bibliographies announce the availability of 
dopuments and review the literature in selected interest areas of 
inathematics education. .Reports in each of these catejjories may also 
be targeted fo|: specific sub-populations of the mathematics education 
community. Priorities for the development of future Mathematics 
Education Reports are established by the advisory board of the.^Center, 

in cooperation with the National Council of Teachers of Mathematics, 

\ 

the Special Interest Group for Research in Mathematics Education, the 
Conference Board of the Mathematical Sciences- and other professional 



groups in mathematics education. Individual comments on past imports 
and suggestions for future Reports are always welcomed by the associate 
director. 



PRj^FACE 



In April, 197j5, the National Institute of Education issued a 
request for proposals to review and synthesize studies of "activity- 
based approaches t:o mathematics teaching* The RFH explained, 

In recent years a variety of "activity-based" 
approaches to| the teaching of mathematics have become 
• widespread. Typically, these approaches are characterized 
by children's active manipulation of physical objects, but 
beyond that th^ diversity of programs claiming to be ( 
.activity-based is enormous. 

• The' research that has been conducted* on the effec- — ^ 

tiveness of v such programs haS; led -to -results tha^ are- 
often conflicting. There seems to be some evidence, though, 
that many "activity-based" programs have a beneficial effect 
on low^achieving children* The purpose of this, review of 
studies is to j synthesi::e and interpret existing data on ' 
"activity-based" programs. The primary objective is to* 
• identify which of the many dimensions ih which the approaches 
differ are the ones that are particularly important. ' . 

i 

» This publication is the final report of that_ review and synthesis 
(NIE Contract No. 400-75-0063). The synthesis was restricted to studies 
in which, the mathematical contfint did not go beyond what is commonly 
found in grades K-8. Furthermore, we were interested on the effect 
of this teaching ap^proach on elementary school students, especially 
low-achievers. Therefore, we did not analyze the sizeable number 
of. studies which ^involve K-8 content taught by an activity-based 
approach to prospective elementary school teachers in college course. 

Within these limits, we believe that this publication represents.^ 
the most complete and thorough review of research, on-mathrematics 
laboratories and other activi.ty-based'^teaching approaches presently 
available. From this review, we have attempted to draw both practical 
conclusions for classroom teachers and suggestions for mathematics 
education researchers. ' ' , , 
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I. Activity-Based. Instruct ion; /What Does It /Mean ? 

^ / 

Educators have varying conceptions of what activity-based instruction 
is when they hear or use the term. The common element across ,these con- 

/ • 

ceptions or definitions appears to be student involvement in the process 
of learning mathematics. This involvement is more than intellectual: the 
student is actively involved in doing or in seeing something done. On\a 
broad scope, activit3^-based instruction is concerned with a teaching str^-. 
tegy, may encompass a program, and frequently involves the use of manipu- 
^lative materials. , 
The Role of Teaching Strategy 

As a teaching strategy, activity-ba^ed instruction means that the 
teacher incorporates activities of some/ type in planning lessons. But 
under this general umbrella lie a rang'e of specifics: 

- The activities vary widely, from actual real-world experiences to 
\working within groups to accomplish a task. 

- The activity may serve to motivate; to introduce, to provide 
reinforcement or practice, to help children apply a mathematical 
idea to the real world. j 

- The activity may be integral to .the mathematical content or to the 
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instructional objectives, or it may be used pro forma'^ simply 
because the teacher believes or is told that the use .of activities 
is necessary. « s, »^ 

- The activity may or may not involve ^he use ol: objects or mantpu- 

lative materials. ^ ' * • ? 

, - * " ' r 

The^Rpl e of Program 

A program termed activity-based can, in actual practlcq, re*fer to al- 

most anything. Students are involved — but thev may be involved with. such 

things as worksheets or workbooks, programmed instruction booklets, teaching 

machines or computer terminals, audiovisual materials, or calculators. In 



V . 

ty-ba^ed programs, he 



mo<5t activity-bjoed programs, however, such materials form only one com- 
ponent of the system; using manipulative materials and participating in 
Qther activities are key components. 

/ ; - ^ * " ' , ^ 

^ To many teachers and educators, the term "activity-abased" appears to 

t * 

be synonymous with "mathematics laboratory". Yet mathematics laboratories 
themselves vary widely. Sometimes they are interest centers or corners 

\ 

containing materials of so^me type; they may be used every day, or .only 

1 

once or twice a u-eek, or independently' during "free" time. Sometimes the 
term mathe^iatics laboratory' refers to a pattern of teaching in which 
students are free to move ar6und, to experiment, and/or to explore. 

In the report of the Natiotial Advisory Committee on Mathf^mat.ical 
Education (1975), it is noted that "In addition to the availabili^ty of 
varied manipulative materials^", activity programs "a^re generally charac- 
terized by the use of varying instructional stylos, multimedia approaches, 
variabiersizeJ groupings, and learning (interest) centers" (p. 61). Most 

of these attempt to provide "a blend of activity. methods, varied concrete 

/ 

materials, [ana] s^dent interaction wlti. peers and the environment 
(p. 62). / (j 
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' 'The Role of Manipulative Materials 

: ^ . , . ' , 

It sho,uld be evideut from the above^ discussion that manipulative 

«> 

materials^may or may not bej involved in an activity-based program. Mani- 
.pulative "materials ar.e also -us^d in many instances in programs which are 

not termed activity-based. 

The role of teaching strategy as it affects and interacts with the 
use of inanipulative materials cannot be ignored. Through most of this 
century, and in particular since the .mid7l93as, the importance of mean- 
ingful instruction^ in the learning^ of mathematics has been espoused and 

•accepted. In an analysis of the points of view and of the relevant - 

research on meaningful instruction. Weaver and Suydam (197^2) indicated 
that the use of concrete objects is integrally related with the develop- 
ment of meaning. In many of the studies they. cited,, the use of materials 
was an accepted component of the meaningful treatment, while the non- 
meaningful treatment generally precluded their use. (Few of these studies 
are cited in this report, since ,the extent of use of materials was rarely 
controlled, nor was their effect a clearly discernable factor in the 
collection and analysis of data.) Van Engen (1949) in characterizing 
a general theory of meaning, provided an indication of .the interrelations^ 
ship: . — 



1 » • 

In any subject area like mathematics, in which there is a large skill ' . 
component > teaching can be done in a rote, mechanical way which emjiha- 
sizes only speed and accuracy; In contrast, teaching can emphasize 
relationships between different skills and patterns or structures. This 
flatter approach has often been called meaningful instruction. Much 
writing on this approach was done by William A. Brownell, most notably 
in the Tenth Yearbook of the National Council of Teachers of >Iathematics. 
Meaningful instruction is a forerunner of cognitive psychblqgy; It under- 
lies the way in which most mathematics educators believe that mathematics 
should.be taught. 



in "any meaningful situations, there are always t1ire3 
..elements* (1) There is an event?,, an object, or an 
^ action. In general terms, there/is a referent , (2) There 
is a symbol for the referent, (3) There is an individual ' 
to interpret the symbol as somehow referring to the referent. 
• • . It is important to re^iember that the symbol refers 
to something outside itself. This, something may be anything 
whatsoever, even another symHol, subject: onlv to the condi- 
tion that in ^the end it leads to a meaningful act or a 
mental image, [p, 323] 

Inherent-, in r.hls statement are two suppo.sition.s that have formed the 

basis for many research studies: (1) that learning proceeds on a concrete- 

to-abstract continuum and (2) that concrete materials are not essential 

to every .stage in the process of learning: once- a ^cdhcrete referent has 

been etetablishecj and has led to the clevelopment of understanding with 

.symbols, "those symbols may serve as tlie referent for further learning. 

'More recentlv, others (e,g., Bruner, 1960; , Ausubel, 1968) have pro- 

/ • ^ • ^ • 

pounded a similar idea; '.statements such as the fpllo\>ring are net uncommon 

' ' . • / ' 

in their writings: 

/ ■ ; 

i' The essence of the meaningful learning proce^ss , . . is 

that symbolically expressed ideas are related in a non- 
/ j^rbitrary and substantive (nonverbatim) fashion to what 

• / the learner already knows, namely, to some existing 

/ relevant aspect of his structure of knowledge\ , , . 

[Ausubel, 1968, p. 37] , • ' 

i , ' ' 

In general,^ the use of manipulative materials is widely accepted: 
both mathenatics educators and teachers proclaim their bejllef in the 
efficacy of such materials. This belief is not alwcfys translated into 
action, however. In surveys of elementary-school teachers, ,<R. Green 
(1970) and Harvin (1965) found that first-grade teachers reported that 
.they used^ manipulative materials more *:han pictorial or symbolic materials 
But teachers in grades 2 through 6 indicated little use of ma'nipulative 
materials. Ti a survey cited in the NACOME Report (1975), it was noted 



that 10 per cent of the second- and fifth-grade teacher > queried had never 



used manipulative materlals^^ at all. ' \ * • • 

Of course, the other side of that coin is that 90^ per cejit of the 
,teachers surveyed have used manipulative materials; data from Thomas^ (1975) 
support this conclusion. And mjny teachers* Have raised^ questions about 
what inaterials tQ^ruse,* when to use thsm, 'how to" use "them, and wa/th ,whom 
to use them. This concern in turn has led to research Vhich attempted to 
provide answers. We will/devoUe a great deal of att*i <cion in this report 

\ \ \\ /!' '/ 

to these answers, but first it seems .plaus^ible to provide Uny^^ of 
how the review was conducted, as well .as a ^discussion of theSlimitations , 
which. |l(unfortunately) accrued./ ' \ \ . * ■/ \ i\ 




. .: ♦ . II, Overview of theyReport ' 

• r ' ^ ' ^ * . ' . • ' ' ^ . 

# * The primary objective of this review has been to identify the most'" 

ii. ' , • • ; • • " '. ^. 

'viable dimensions or facets of activity-based instruction, (^specially as 
they might apply to children needing comp*ensatory .education. To accom- 



plish this, four procedures were proposed: 



' . • • • 

(1) study the information data* base" on activity-based approaches 

, .to mathematics instruction in grades K-8, . • " ' 

^ ^ (2)' analyze program components as .described -by research," 

; • • . . ' \ I" . • , ' ' 

(3) interpret results and conclusions, 'and 

(A) synthesize findings from separate reports and studies into 'a ' 
set of recommendations for activity-based teaching jvhich show 
, , the greatest promise tor maximizing ^mathematics achievement 
^' and imp^roving attitudes toward mathematics. 

The research .studies to be analyzed .were selected on the basis of: 

(1) appropriateness- of level and content 

(2) , appropriateness of the type of material or approach, with empha- 

sis on research reports which preser\{: a clear, 'explicit descrip- 
tion of thu procedures followe'd 

(3) evaluation of the experimental-type studies in order to reiect 

0 

studies. so poorly designed that their findings are .meaningless . 
Factors to be Considered . • 

To aid in the analysis and synthesis proces$, an inventory Eorm^ was 



2 . 

For .this review, research is characterized as an exploration of a 
question' through the collection of data. 

3 --r ' ' 

*To-^aid'in this evaluation, the Instrumen t for Evaluating n xperim fcrital 
Educational Research Reports was used. Appendix C contains a copy of- 
the instrument, plus information on its development and rel iaibility . 

A copy og the form appears in Appendix D. 



developed which incorporaced n^.neteen types of distinctions which appeared 

-* 

(in advance) to be relevant: 

(1) Mathema'tical content : the "standard" content of the present 
elementary-school curriculum, including. numeration and place 
value; computation with whole numbers, fractions, and dacimals; 
measurement; geometry; and verbal problem solving (i.e., word 
problems) . , 

/ (2) Grade level : kindergarten through grade 8 (or corresponding ages) 

(3)" Characteristics of the sample : including socioeconomic factors, 
cultural factors, geographic .location, and* type. of community. 

, (4y Length of time : from" minutes per day' to total number of days, 
weeks,, or months. ' ^ 

C5) Theoretical. basis : reason or rationale for using materials or 
procedures. i 

* (6) Sequence placement of activity : introductory, during development 
ro^ concept*, or for practice. 

(7; Use of symbols : initially, throughout instructional period, oi? 
for final culmination. 

(8) Nature aud^generality of materials : illustrating a wide ^variety 
of concepts, a number of bxoaH concepts, or only one or two 
jiarrox^ concepts. . • • * • " - 

(9) Manipulative level : level of .access, ranging from remote demon- 
stration by teacher to individual manipulation; type of use, 
rapging from object manipulation to picture stbdy; and purpose 
of use. 

(10) Perceptual variability : the number of different materials used, 
and* the number of different examples or explanations given for • 

, each material and/or each concept. 

(11) Guidance in the use of materials : ranging from highly^ structured 
to free exploration. 

(12) Social interaction : large class, groups, individualized, or 
^isolated. • «, " 

(13) Cost of materials/implementation : ranging from high to low. 

(14) Special facilities needed : classroom arrangements, storage, and 
other factors. 



f ; . . ■ ■ . • • 

(15) Training of teachers : minimal training, use of training materials, 
or special in-service sessions (or experimenter-taught). 

(16) Extra staffing heeded ; special teachers, teacher aides,, and/or 
parents. 

(17) - Special time factors : large segments of time, needed, "regular" ' 

^content not covered, etc. 

(18) Correlation with remainder of educational program : ranging from 
integral to conflicting. 

(19) R esearch and de*sign factors : the nine points included on the 
instrument in Appendix C represent the salient factors experts 

^ . , on educational research have identified. 

• As we began to use the form in analyzing the studies; however, a problem 

became apparent . There was too little stated xn many research reports to 
enable us to complete many of the items. In a few cases, even such , 
aspects as mathematical content and grade level were not clear, labile we 
had never expected that all of these items would be stipulated in each 
report, we were nevertheless surprised at how few points were presented 
unequivocably , so that we coulrf be certain that our interpret^ions were 
-accurate. As a result of this, the synthesis i6 presented under a more 
general set of categories than anticipated: type of use of materials, 
'type of learner, level of learner, and mathematical content. \^ile the 
focus is on achievement, attitude is also considered.. Research on programs 
and modes is considered separately from that explicitly on materials. 

' ■ " ^, / . . 

^N. Compilation of S::udies " / 

Appendix A contains an annotated list of those studies which are 
discussed or citod on tables in this report. In compiling the list of * 
studies to be reviewed, we attempted to be a's comprehensive as possible. 
However, certain studies originally listed were deleted because of inap- 
propriate level, content, focus, or type. (Appendix B contains a list of 
those studies which were deleted, and the reasons for their deletion.) 
Among the types excluded were: . , 
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- Piagetian-orienjted studies* We at first included Piagetianr- 

• oriented research', since there are physical materials involved . 
as cognitive development is probed. But these^studies are not " 
concerned with teaching through the use ^of. materials, while our 

-focus is on learning' as "it relates to effective- teaching proce- 
dures* The materials in Piagetian research are predetermined by 

^the theory and by protocols, which represent real-world situations 
involving mathematical ideas, but not materials that the child will" 
use to solve mathematical problems or apply' mathematical ideas. 

/r 

- Studies on activities involving no use of manipulative raatfeirials* 
Thus, research wi'th such materials as co.mputer-assisted instruction 
programs or "calculators'wa^- not* included* 

'■ ■■" ■ 

' . - Studies so global that the use of materials and/or activities was 

only one of many factors incorporated and the effect of any one , ^ 
factpr^was indeterminable* ^ ' 

^ Y J Studies in which the materials were used across treatments, so 
/ ' chat the effect of use of materials was a controlled^' variable 
j rather than an independent variable, and their effect was not ' 

'therefore a factor under investigation. . . " . ■ 

. ^ Research and design factors, item 19 on the list of distinctions,- 
provided a particular difficulty which was' not wholly anticipated* We have 
been aware for many years of the concerns expressed by researchers and 
others about the quality of research* We "realized, therefore, th^t we 
l^ould" encounter very few studies which could be rated excellent: the 
difficulty of conducting research in the classroom is well-documented. 

- We *knew that the most we could do, if we were to have studies left in the . 
set. to be considered, vpuld be to sort. out those ia which we believe too 
little confidence can be placed because of design questions* Some 
studies involved the use of materials, but were not citable for reasons 
varying from control 'of variables and confounding of variables to lack 
of clarity* "These studies are listed on Table 1, with the reason for^ex- 
Qlusion from the discussion which follows noted* All of these studies are 
annotated in*Appendix A, so that readers can consider their findings, but 

'in terms of the stated reasons for non- inclusion. As one reads this report, 
one can ascertain the trend^-across a set of studies with quality of 
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TABLE 1 

STUDIES NOT CITED 'IN THE REVIEW 



Author 



Date 



Focus/Reason for exclusion 



Barragy 
.Barrish 

Cheatham 

Choate 

Cooke 

Coxf ord 

Crab^tree 
Dashieli/Yawkey 

Dawson /Ruddell 

DeFlandre 

Dilley • 

Eudy 

Farris 

Finley 
Genkins 
Gipson 
Hirschbuhl ' 
Houtz 

Jencks 

Jones 
Kapperman 

Kellerhouse 
Kratzer 

Kuhjfittig 

McGinty 

McLaughlin 

Miller 

Mott 

Nicodemus 



1970 type of . material: matching photographs with 

camera position 

1971 • strategy: indue tive-discover" vs. deductive- 

reception; concrete materials used in both 
' * as feasible ... 

1970 type. of material: compass/scfaightedge or 

• paper folding; lack of control of vlriable 
1975 sequence, conceptualization; paper-folding 

and diagrams used across groups 

1971 type of material: attribute blocks; focus on 

strategy • 

^1966 sequence, time; baad frame and. other materials 

used across groups 
1966 type of study: case study with pumber line / 

1^74 type of study: action research with two ^ype? 

of balances^ / 
1955 focus on algorithm; materials used with both 

treatments h, 

t 

1975 type of study: feasibility of developed u/iit 

on other number bases 

1970 fociis on algorithm: materials only, an ac(junct 
'1973 type of material:* device not generalizable 

1971, focus on transfer across modes* / 
1973 ' ^ I 
1962 test Items with or without ipateriais . 

1971 bilateral .symmetry: paper-folding or mirror used 
. 1971 type of study: lack of control of/variables 

^1972 focus on transfer across modes j 

.1974 type of materials: models, slides, pictures 

for test items / 

1969 type of study: feasibility of* developed text 

on geoboard / . . , 

1975 test items vith three types of probability items 

1974. ' type of material:, abacus /for blind; limited 

control of variables/ 
1975 type of study: poor control of ..variables 

1972, focus on algorithm; materials used with both 

1973 . ' . 

1972, coin conversion; length of time limited (2 days) 

1974 . ' / 

^1973 type of material: attribute blocks: focus on C 

strategy / 
.1972 type of material: block task 

1964 ^type of study: poor control of variables 

1959 , use of aids not^^learly specified 

1970 " type of .niaterial: attribute blocks; focus on . 

straftegy 



TABLE 1 (Continued) 



Author Date 

Poirtis 
Prindeville 
-^Purser 

•Richards 
Schott 
Sherer- 
Shefzer 
Spfoss 
. Swick 
Tanner 
Thompson 

Traf ton / . ^ 1971, 

Van Engen/Gibl) 1956 

Vitello * 1972 

Weeks 1971 

Wilkirisbh, 6\ ' ' 197r 




Fot^us/Reason for' exclusion v 

test items with varying aids 
confounded variables . * 

feasibility study; pictures rather than 

actual instruments used 
use of ruler , 

action research; focus on rationale 
use- of materials not explicitly controlled 
number line^ focus on algorithmic procedure 
~cblitr6I~df Ifiteri^Is^ 
type of study: no control group 
control of variables questionable 
case study: materials used (only) ^ to elicit 

fesponse3 • . ^ " 

focus on developmental time^ 
usei of materials not controlled 
cla^Ss inclusion 

'^type of nji^terial:. attribute blocks; focus -on 

strategy ' , 

type of material: films and films trips in 

addition to objects (objects not major focus) 



research taken into consideration; one can also check the excluded studies 
to alleviate the fear of potential bias, of the reviewers.. 
The Task of Synthesis • " ' 

\ ' r 

We began this review with the firm belief that the role of manipuJa- 
.tive materials and the effect *of activity-based instruction could be made 

dlearer by an intensive analysis of the research — ^although we did not 

j . - ' . . ^ 

believe that all of| the answers to teachers' questions could be found in 

existing research, f *By the midpoint of the review, we were beginning to 

realize the appropriateness of an analogy: that of the photographs found 

in a newspaper. VJhen one looks very clog-ely the fact that the photograph 

actually consists 'of a set of dots with space between them is obvious. It 

is not, until one stands back that -the' form or outline emerges, and the 

pattern or picture is. apparent^ Even so does' the meaning •of. hKe studies 

on manipulative materials and activity-based instruction remain unclear 

until one stands !back to see the pattern. Getting "bogged down" in details 

does not help. Individual studies make a contribution to the whole; 
I * • 

fbrtunately, however, there are many gaps in the research t- points 



un 



which have remained unexplored so that the entire pattern or picture 

^- ! . ^ ' ' ' ' 

is not yet; obvious. 

As in most! research studies, the effect of the teachep-^terves to 
.confound other 'variables. Because it il so difficult "tV contrd]^ " idefttify^- - 
and/or isolate the precise natupe of the interaction between teacher and 
learner, or between the teacher's strategy and the instructional materials, 
the "teacher effect" has,' across -research, been held to account for the 
.greatest an.oult of variance. Thus, Sole (1957) notes that "The effectiveness 
of the learning of "arithmetic depends, more on' the teacher than on the 
materials used" (p. 1518). And Keys (1972) emphasizes that "the one common 



thread among these studies is that learning mathematics depends more on 
the teacher than on the embodiment [material] used" (p. 490). . . 

>• The teacher effect in most of the studies we reviewed leads us to 
'the same conclusion. The teacher .is. Without doubt, a most y.olatile 
element in research conducted in a classroom. Research evidence has yet 
to confirm the factors involved in effective teaching, but many educator^s 
nevertheless believe that, if teachers are cbmmitte'd and well-trained in 
termi^ of knowing both the child and the curriculum, they will have a very 
posltiye effect oa a child's learning. F.or instance, Harshman et al. 



(1962)-* Unisikiming up their study, noter 



" \ -: As one examines the rankings of- the* twenty-six. classes, 
one is impressed' by the fact that' sojne classes ranking , 
low on. intelligence have high rankings in arithmetic 
computation, arithmetic reasoning, and total kri'thmetic 
achievement. This might suggest that^ one of the factors , 
involved was effective presentation "of concepts/by the 
teachers*.' [g. 192] , 

Because variance in research findings can frequently be attributed to 
the teacher effect (thati is, to differences between teachers), we have 
searched for categories or sets of studies which cluster. One study may 
be affected by individual differences of particular teachers; several 
stu2les involve a broader base of teachers. W^ien the findings of a set of 
studies concur, the. result i^ more likely generalizable across teachers. 
Nevertheless, teachers should test research findings in their own classrooms 
Research can only indicate what i^ general is effective or appears to be 
"truth". ^ ! 

In- the. remainder of this report, we will focus on those studies which 
remained in the set. In Chapter III^ studies involving materials are 
considered, ' while in Chaptef IV research on activity programs and modes 
of instruction is discussed. ' 
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III. ^Research on Materials - 

The first four sections of this chapter focus on research specifi- 

^ " J. ^ > 

cally related to characteij'istics of materials and their use, with some 



form of achievement as the dependent variable generally being measured. 

3 V 

Then the focus shifts to ;the learner, with studies on materials classified 

■ i ' ' ' ■ 

by learner charadteristics and by age or grade level. Mathematics content 



provides a sevenl;h focus., with an additional lo^k at the interaction 'of ac- 
tivity and content in studies on multiplication. The last section con- 

. " i * 

siders affec.tivej results separately. ■ * 

Manipulative Materials: Yes or No? ' ' ^ ' , 

Does the use of manipulative materials help stiiiient achievement" in 

mathematics? Both classroom teachers and developmental psychologists 

generally hold strong beliefs that it does. Classroom teachers often - 

base this belief on experiences with young children, at grade levels' 

^ where reading and symbolization cause learning difficulties ♦ At these . 

Uevels, the use of matiipulative materials may.be the only via'ble alterna- 

tive available to the teacher. Developmental psychologists often cite 

\ ^ • ' y ' 

Piaget as providing an example of a theory which places manipulative 
materials or concrete objects in a special prerequisite function in the 
development of learning str.uctures . Yet neither te«"chers nor psychologists 

are apt to derive their conclusions from research oh classroom-based 

^ ^ ^ 

':'learning and teaching situations. . 

Nevertheless, a large body of research exists which is related to the 
question of the effect of manipulative materials on mathematics learning. 
Many of tKese studies, however, developed not from theory but out of a folk 
lore of :belief s about activity learning. Perhaps because of this, they pre- 
sent what appears to be an almost random selection of independent variables 
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and treatments. Making sense of the results of\this research requires 
a very careful sifting and categorizing of studies. 

Over 20" studies were identified comparing le^soi.d in which manipu- 
lative materials were used with lessons in which manipulative materials 
were not used. The^e studies ^overed all levels fr;om grades 1 through 8, 
and elementary-schopi mathematics concepts ranging from number recognition 

/ \ \ • . ... 

to operations wi;th fractions and Wits of geometry. ' The results are 

\ ' 5 ■ - 

summarized in^Table 2. Of the 23 ^tudies , two favored lessons in which . 

'■• •/' ' \ ■ ■ ■ . 

manipulative materials, were not used; 11 favored lessons in which manipu- 
lative jnaterials were used; and in 10 no statistically significant dif- 
fereiice in achievement was" found between lessons in which, materials were 

/ - ■ \ • ■ 

u$ed-and those in which materials were \not used. - 

Approximately half of the 'studies c*omparing use and non-use of ma- 

terials thus favored the use of materials^ A closet look at many of these 

\ • ' 

studies is justified: for a third the data^ are n.-arkedly different between 

. ' \ ^ • ' ... 

treatments; for another third, the data" are clearly dif ferment but not 

markecjly^so; for the other third, the data indicate a weaker difference. 
<SeeVAppendix E fox^ pertinent data from each\ study on Table 2.) But while 
this variance eyiats, .the fact remains that the differences which were 
significant on most of* the various tests favored the use of materials. 

In almost the same number of studies, no significant differences 
were found. A look at the data indicates that in 6 of the 10 studies, 
"there was a tendency for the group which did not use manipulative material 
to score higher than those who used materials — but this trend is charac- 
terized by very slight differences (as one might expect in the case of 
studies reporting no significant differences). The trend toward favoring,, 

— ■ • 'x. 



Tobin (1974) reported data for two samples. 
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, Author 



' Babh 



BoXduc 
Bring 
Brown . 
Cook et 
Earhart 
Nichols 

Jt^ickel 

Tobin 

Wallace 



TABLE 2 

STUDIES COMP.\ilING USE OF 
MNIPULATIVfi MATERIALS WITH NON-USE 

Grade 

Date ' Cpntent level n* 

Favoring Use of Manipulative Materials 





1976 


multiplication 


2 


3 


c. 






fadts 




76 


P 


et-ij_al. 


-1974 


fractions 


7 


339 


p 




1970 


problem solving 


' 1 


36 


P 




' 1972 


geometry 


5,6 


,102 


P 
c 


ai; 


1973 


fractions 


4 


12 


1968 • 


several topics 


1 


105 


P 




1964 


several topics 


, 1-3 


108.8 


P 




, -.1972 


multiplication, 
division 


3 


10 
267 


c,. 

p 




- 1971 - 


problem solving 


4 ■' 


90 


p • 




1974 , 


remedial ' 


age 9-12 202 


p .< 




4.974.. 


f rac^tions 


• . 4t.6-' 


154 


p 



Trend Strength^^'^ 



(MRs) . 



++ 



No vSignij icant Differences . 



An(|erson. . 
Bic^^o : 
Coltharp 
Davidson 
Dunl^P et al. 
Macy \ 
McMillian 
Tobin 
Trask 

Weber 

















1958 


geometry 


•8 


408 


p 


U 


N 


1971 


fractions 


5 


501 


P 


N 


U 


1969 


integers 


6 . 


79 


P 


U 


N 


1973 . 


several topics 


3,4. 


16 


c 


- N 




1971 


remedial-'' 


4 


12 


c 


A 


u 


1957 


several topics . 


4 


2 


c 


N 


u 


1973 


numeration 




.202 


p 


N 


U' 


1974 


remedial 


28 


p 


unclear 


1973 - 


.multiplication. 


\ 3 

\ 


* 65 


p 


K 


^ u 




division 








1970 


.♦several topics 


1 


6 


c 


U 


N 



Carney 
Smith, J. 



Favoring Non-use of Manipulative Ma terials 

4 ' 8 c 



1973 
1974 



rational numbers 
geometry . 



A 



In tables, c — classes 
p — ^ pupilli 
s — ^-^ schools 



U — -> Use\ of materials 

N — ^ Nonnuse of materials 



-kit 



•H- 



"Strength" Indicates a subjective; estimate of theWlegroc of cliff erences 
in scores, considering^ Ihe qualitv of the .studv mid the data, with ' 

-H- --r'--^ high, -f — average, ^ low. PortinVnt data from each 

study on this tabie are included in Appendix to .aid readers in 
verifying the differences in ^coros. ' ; 
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the" use of materials in 3 other studies\is likewise slight. Difference's 

*7i // - 

.might exist between tae treatmentS;^^/ythese studies, but their effects 



were not. re^vealed with the measures ^txsedr 

Let us propose a way of considering the studies or Table 2. \^men we 

— < • • / ■ /. 

consider these^studies, we should contrast outcomes with expectations. 

/' 

Suppose that there was, in f^ctr', no difference between, the use and the 
non-use of materials. We might then expect every ^udy to show no signi- 



ficant difference Or we might expect fchaf;some studies would yfavor the 
use of manipulative materials while others -Wb^bld favor *-ctheir non-use, 
according to the eff ect of uncontrolled variab-les (Including ^the < teacher — 
variable)* The c^ffect of these variables sho\ild be random, h&w^ever — ^ / 
the numbet of studies, favoring use of manipulat^ive materials should be 
approximately equal to the number favoring non-use (and the number of 
each should "be less than the number of stuclies finding no significant 
difference, forming a pattern analogous to that of the normal distribution 
curve). This is not the pattern found in Table 2. The number of studies 
favoring the use of manipulative materials greatly^ exceeds the number 
favoring the non-use of materials.^* 

Those studfes in this latter ^category are only 2 in number. One 

(J. Smith, 1974) is categorized by data in which, of 15 geometry tea^s, 

' . * * ,A - " I ^ 

significant differences favoring expository instruction over the use of 



multimodel or unimodel approaches were found in only 4 instances — but 
the trend of the remaining data favors the expositor.jr group in every in- 
stance but 2. We should note, however, that expository instruction 



It. is possible that there could be a single study so well designed and 
executed that %ts findings take precedence over all other studies on a . - 
given point. This would negate the trend analysis. We searched our list 
for such a study (or studies). We did not, however, find any that ful- 
filled this ."exceptional" expectation. Therefore, we have had to consi- 
- der trends. < 
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resented by teachers was compared with manipulative lessons where all 
instructions were read by students from booklets* It seems possible that 
cpnfpunding variable, reading ability, may have produced an effect just 
3 strong as the manipulatlve/non-mariipulative vari^le. 

The data from Carney (1973) clearly favors the groupNtaught by an 
^i>firtr^act approach (based on, for instance, properties of whol^numbers 
such as the commutativ^^ property, 3+2 = 2 + 3) over the grou^aught 
with materials. In contrk^t with other studies, the abstract approach 
was considered to be the experimental ^treatment ;^ moreo' -^r, it is inferred 
that a large part of the control group's experiences consisted of vork 
with diagrams tather than concrete materials. \ ' 

Similar types of comments could be made about studies in the other 
two categories, also. There are reasons which can be hy<)othesi2ed in 
almost every instance for why the results of a study were foi^d^ reasons, 
ranging from confounding of variables, to, experiment^p*las to strong or 
weak .treatments. The oyerall point remains, hotSever: far more of the 
studies favor the use of materials thaiyfavor non-use of materials. 

Considering the evidence summarized in Table 2; we believe that on 
a simple manipulative vs. non-jninipulative comparison, non-manipulative 
lessons cannot be expected, to produce superior achievement in elementary- 
school mathematics. The use of manipulative materials has a high probabil- 
ity of producing .greater mathematics achievement than do non-manipulative, 
sequences; 

- The fact that in eo many studies no significant differences were 
found between treatments may indicate that the way manipulative materials 
are. used in lessons may be of critical importance, \^rtlat are the influencing 
factors for a strong manipulative activ^ity treatment? Does the sequence 



of use from concrete tc^ abstract make' a difference? ^Do the muuber of*dif^ 



ferent 



physical embodiments or representations /of th4 mathematical concept 
make a dlfferetlce? Does it make a -difference whether the student handles 
miaterials or only watches the t/eacher demonstrate wilth materials? Do age 
or other charac tens tiics of the learner affect' the outcome of the treat- 
/^mentsT Do seme manipulative treatments work ibetteri for* sojne mathematics 

^ - • • ' / ■ ■ f ■ 1 * J.- ■ ' ' 

- concepts or content than for others? In the' following sections, research 



Studies will be classified in an.at*tempt to |ansv7er 'these questions, 
Concretet Pictorial, and Symbolic^' Sequences; Whi ch?.^When?^ v/^ 



T{irough>' the years,^he Idea' that the learning of y^iatheicatics pro- 

; . ^ ^ - J ' ■ ' ^ 

Vgcesses through three levels ot abstraction has evolved and beeil, pro- 

ip\xvL^4AL^C^ l!t!bt.,7an (in. all probali^ility) with ' 

Jestalozzi, though its origins can traced to earliex</tlmes. 

Until 1500 A»D'. , aritlimetic throughqut^^Europe was;, taught 
altogether by means of objects. Afterthe introduction 
J. of the Hindu-Arabic symbols,- calculating by, means of the 

abacus and through '-the use of obj.ects : ceased, and the 
study of numbers became very abstract*. Object, teaching 
was discontinued until after the teaching of Pestalozzi 
began to exert an influence. (Newcomb, 1926, p. 10] * 

A great reform In elementary teaching was initiated in 
Switzerland and Germany at the beginning of the nineteenth ' 
century,. . Pestalozzi emphasized in all instruction the 
^ necessity of object-teaching. ... The child must be ^taxig 

to count things and to' find out the various processes 
experimentally in the. concrete', before he is ^iven any V" 
abstract .rule, or is put to abstract exercises.. [Cajori,' 
1896, ,pp'. 211-^2121 

Reform in>,arithmeticai teaching In the United 'Sta^s did 
not begin untk.1 the publication by Warren Colburn, in 1821, 
> of the intellectual Arithmetic . This was the first fruit of 

Pestalozzian ideas on American soil. (Cajprl, 1896, p. 218] 

•By the 1930s, the belief was well-accepted that it was necessary for 'the 

* young child to progress through three stages ~ from concrete objects to 

.pictures to. symbols. 



■ • • ■" 2 b 




More recently, Piaget (l^5&) and Bruner (1966) have discussed these 
three stages with new labels attached: enactive, ^iconic, and symbolic. 

si 

They suggest that first learners must learn by manipulating physical, 
concrete objects in an enactive sense. Once this is done, they can 
learn through pictures or representations of objects in an* iconic fashion, 
finally thay develop the ability to learn by manipulating only abstract 
symbols. It is" not clear whether this sequence is necessary for every 
new mathematics topic, or whether it can be. shortened ior some concepts 
or "^f or some learners at particular ages or stages. 

Do_concrete, pictorial, and symbolic treatments presented separately 
have differing effects on achievement? The results of studies directed, 
to this question are shown on fable 3. Only three studies favored a sym- 
bolic treatment, ani they vary widely In their focus. Carney (1973) 
worked with fourth graders using the nurrtber line with one group and an Y 
abstract approach based on the properties of whole 'numbers for his second 
treatment. Thus Che 'students ir this treatment were expected to — and 
did — exhibit transfer from previqusly taught ideas. 

Fennema (1970, 1972) found, the result favoring the symbolic treatment 



only on a transfer test with symbols and not on a test of immediate 
'achievement. She introduced multiplication -to second graders as repeated- 
addition facts (symbolically) or as trains of Cuisenaire rods (concretely). 
It seems possible that lessons intervening between the immediate achieve- 
ment test and the symbolic transfer test might have reinforced the symbolic 
treatment mere than they did the concrete treatment (see also pages 48-54). 
As she states, both treatments were developed meaningfully: this might have 
been the key variable. 

In the third study, Rathmeil (1973) was investigating the effect of 
sequencing differences as first graders began to work with numbers greater 
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TABLE 3 " 



. "• STUDIES INVOLVING COMPARISONS 

OF CONCRETE, PICTORIAL, AND/OR SYMBOLIC TYPES OF MATERIALS 



Grade 



Author 


Date 


Content 


level 


n 






c 






FavoritiK Concrete 










C •- ' -I 


Armstrong 


1972 


sets MA 2-4 


20 


P 


(TMRs) 




Clausen 


1972 


several topics 


, 


8 


e. 


177 ,p 




Ekmah, ; 


1967 


addition, subtraction 


3 


27 


c. 


584 p ' 




Johnson Robert 


1971 


geometry ' >• 


4-6 


96 


■p 






Nicnois 


1 079 


mul t ip lica t ion , 


3 


1 n 












division • 














1972 


problem solving 


7 (9) 


12 


c. 


366 'p 






1974 


mult ip iicat ion 


1-3 


40 


n 
r 








• 


(transfer) 
















Favoring- Pictorial 












Gibb 


1956 


subtraction 


2 


36 


P. 










Favoring Symbolic 












Carney 


197,3 


rational number's 


4 


i 


c. 


240 p 




Fennema 


1970, 


multiplication . 


• 2 


95 


P 








1972 


(transfer) ' 










V 


Rathniell 


1973 


numeration 


V 


110 


P 







ERIC 





ConcrPta, 


Pictorial. > Symbolic 






Bohan 


1971 


fractions (equivalent) 


5 


6 c, 


Cairmody 


1971 


numeration 


6 , 


3 c 


Curry 


1971 


numeration 


3 


3 c 


LeBlanc 


, 1968 • 


problem solving 


1 


338 p 






(subtraction) 






Nickel 


1971 , 


problem solving 


4 


90 p 


Norman 


1955 


division (transfer) 


3 


24 c 


Scott/Neufeld 


1976 


mul tip 1 i ca t ion 


2 ■ 


9 c 


Steffe 


1967, 


problem solving 


'1 • 


132 p 




1970 


(addition) 






Steffe/ Johnson 


1970. 


problem solving 


1 


111 p 






(addition) 






r* 


No Significant Difference 






Armstrong 


1972 


sets ' MA 


5-12 


67 p 


Bohan 


1971 


fractions (operations) 


5 • 


6 c. 


Denman ^ 


1975 


addition,^ subtraction 


5,6 . 


33 c, 






26 







171 



(EMRs) 
171 p 







* 
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TABLE 3 (Contmuedj 


•'I 












* 












y . 


V Author 


Date 

• 


Content 


level 


n 






'» •» 




No 


Significant Difference 


(continued) ; 










Fennema 


1970, 


m'ul t iplicat ion 




95 


P 








1972 


(other tests) 












.Gpeen, G. 


- 1970" 


. fractions 


5 


120 


P ■ 






Norman 


1955 


division* (immediate) 3 


24 


C 






' Trask 


1973 


multiplication; 


3 


65 


P 










division 












Wood 


1974 


multiplication 


1-3 


■ .1^ 


P ^ 










(immediate) 
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than. 9. Having pupils 'read and write numerals .before giving them experi- 
ences in regrouping with materials appeared, to hava a positive effect on 

* ■* 

achievement. ^ 

; t 

, Gibb (1956) reported differences, favoring the pictorial treatment--. 

over the concrete. ' She found that a higher level of performance on 'sub- 

traction problems was associated with problems which were presented with 

stimuli in the form of squares and/or circles mounted cjn cards. Abstract 

-contexts were the most difficult. However, popular belief appears to be. 

miri;ored in her conclusion that 

Children have less difficulty solving problems if they- can • \, 
manipulate objects or at least think in the presence of 
objects with which the problems' are directly associated 
-than when solving problems wholly on a verbal basis, [p. 77] 

• Concrete treatments were found to be superior to both pictorial and ' 
symbolic treatments by Ekman (1967) at the third-grade level and by ,Robert 
Johnson (1971) in grades- 4 through 6, as well as by Shpecraft (1972) for 
some problems in grade 7. For the concrete treatment, Ekman used cardboard 
disks and holders on a number line while teaching addition and subtraction* 
Johnson used geometric models- to teach perimeter, area, and volume concepts. 
These are only tvo studies which illustrate tlie point that quite different 
types of concrete objects have resulted in findings of superior achievement 
in differing areas of mathematics. •/ 

Both concrete and pictorial treatments were found to be superior to 
symbolic treatments in effecting achievement by Carmody (1971) in grade 6, 
.Ctirry (1971) in grade 3, and Scott and Neufeld (1976) in grade 2. In all 
three studies there was no s,tatistically .significant dif f erence^'between 
the concrete and pictorial treatments. Denman (1975) , Green (1970), and 
Wood (1974) found no statistically significant diffetences between the 



three, types of treatments. In Green's study, involving multiplication vzlth 
fractlont5 in grade jy a difference favoring diagrams over materials was 
indicated. However,. Green points out that the difference in achievement 
was very sjmall, and that the use of diagrams' on the—achievement test " 

might have favored the pictorial treatment group. Indeed the difficulty 

** • - - ' 

of testing for achievement in ways that do not favor one treatment- over 

another is a serious problem in many research studies. 

On the whole, the studies 00^ Table 3 show that symbplic treatments 
are probablv at a disadvantage when used alone. This finding is consis- 
' tent With the' trend favoring the use of manipulative materials noted on 
Tabie 2. (Nevertheless, many mathematics lessons involve the use of 
number symbols only, particularly after gr^de 1.) The studies which 
found pictorial treatments to be superior to symbolic treatments confirm 
that pictures and diagrams can also be. important in designing mathematics 
lessons. However, pictures a^e'rarely superior to concrete experiences; 
thus this importance is a relative one. 

^Do different sequences of concrete, pictorial, and symbolic treatments 
•produce differential effects on achievement? Such questions of sequence 
are not as easy to research as the prev'ious question was. On the one 
hand,'' one can vary sequence by omitting a type of treatment or by changing 
the order of the three types of treatments. On Xhe other hand, one can 
vary sequence by repeating certain treatments in such a way a-s to place 
more relative emphasis on one type of treatment than another. VJhen these 
^possibilities are combined, the number of possible sequences that can be 
investigated is infinite. > ^ 

Only three studies were cJearlv di^rected at the question of sequence. 
Olley (197^), in a five-Lesson study .with numeration ideas in grades 3 and 

7, found that, for^ransfer, conci'ete-to-sv^iboiic sequence* were preferable 

\ 



\ - 
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to pictorial-to-symbolic or symbolic (alone) sequences, • (No signif infant 
dif ferences^were^fpund, Jiowever, on a retention test.) Punn (1974) 
studied third graders as they worked with multiplication using concrete- 
to-symbolic, pictorial-to-symbqlic, or concrete-pictorial-symbolic 
sequences. Higher achievement was attained by those moving in the 
concrete-to-symbolic sequence, follow>ed by the concrete-pictorial- 
symbolic. ' Poorest was the pictorial-synbolic sequence. 

St.. Martin (1975), in contra's-t, reported no significant differences 
between fifth graders using a .concrete-pictorial-symbolic sequence .and 
those using a pictorial-symbolic sequence on fractions. He- noted, ^ 
however, 'that use of concrete materials resulted in some higher subtest 
scores. " * * 

Thus, ^again, the concrete stage appears to have an important role. 
Embodiments: One or Many ? 

Dienes (1961) argues that one key to^ mathematics learning and teaching 
is the presentation pf a mathematical concept in several different physical 
forms'or embodiments. .The use of different representations causes the 
' child to rocus on \^hat is constant across them — r the mathematical idea^ 
In o^her words, the child is expected first to transfer a learning from 
one context to another, and then, more importantly, to generalize across^ 
^context s^ and thus develop a firmer understanding of the mathematics. 
This is a very complex process for children. Gau (1973) and Beardslee (1973), ^ 
in studies of concepts of equivalent fractions with fifth- and sixth-grade 
students, found no difference on tests of either transfer or generalisation 
between treatments involving one, two,^r three embodiments. 

Their lack of strong findings, ^however, should not be interpreted 

as mea'ning that there is"*'no connection between use of embodiments and 

I * 

32 ■ •' . . 
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;.matheinatic^-4^rni^^ , Wheeler (1972), for instance, tested second-grade 
children and f ound^hat those who could correctly represent single-digit 
. addition anjii subtraction proM^s with three or fou^ representations of 
physical objects could also solve ifior^Bvmulti4i^it addition and subtraction 
problems with paper and pencil than children^wt^ could only demonstrate 
.,one representation. This correlation was not affected, when the data^wer'fe 

brbcked by age, IQ, or- knowledge o.f basic^ddition or subtraTction combina- 

' ■ ' " 

tions. ; • . ^\ 

Wheeler's cort^elational study cannot, of course, identify which 
variable; is .the causal facto;:. It may be that ability to represent multi- 
^ple embodiments causes a higher performance on multidigit addition and 
subtraction problems, or it may be that greater facility with addition 
an4 subtraction gives more insight into constructing physical representations, 
Research attempting to pin down this causal relationship by designing 
teaching treatments using varying numbers of multiple embodiments is 
generally inconclusive. In the one study with a directional finding, 
J. Smith (1974)" reported that an expository approach was more effective 
in teaching ^rea concepts than 'was use of either one or several models 
(see page 17 for a comment on his -study). But in addition to Beapdslee 
and Gau, Sole (1957) found no eff'ect due to varying the number of embodi- 
ments at the third-grade level when teaching- addition with carrying. In 
a study C9nducted during the past year in connection with the Project for 
the Mathematical Development of Children at The F^lorida State University, 
half a dozen embodiments were used in developing each of several mathe- 
matical ideas. Behr (1976) indicated that, although the data analysis 
was not yet completed, preliminary analysis indicated that the. finding 
of no significant differences between number of embodiments would proba- 
bly be found. 
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Although the. argument for multiple embodiments seems plauslh.l<s, the 
indication of these few studies that it is of little practical conse- 
quence may in fact be correct. Thej process of finding. constant ideas across 
a variety of situations requires bcjth reflective and retroactive thinking. 
We know from other research which focused on transfer (e^g., Kolb, WBrlj^- 
Sawada, 1972) or on generalization (e.g., Swenson,. 1949) that children 

must be taught specif ically; to transfer and to generalize^ Children must 

■ / i ■ • ^ 

be made aware, of the point/ that what they learn may be .applied in similar 
— and not-so-similar — ^ituations. For most children, neither process 



is spontaneous. They must be given strong guidance and focuis by the teacher. 

• / . ■ - ! ' 

Without the teacher strongly focusing the attention of] 
relatively little "learning might be expected from a vat 



the^ learners, 

iety of embodiments. 



The Beards lee and Gau studies utilized .programmed instruction formats. 



^ / 



In whictfsMie cannot ascertain whether learners were actually focusing on 

^. /•■ ; ■ ' i * ^ 

the vital or relevant components of the instruction; their results reflected, 
weak effects on achievemer^ their treatments, perhaps attributable to. 
this factor. 

It is exti/emely difficult to design experiments which vary the number ' 

/ - ~ 

of embodiments presented without also varying the amount of practice, time. 



or intensity /of presentation. In fact, many classroom teachers would find 

/ - ' . 

it. easier to manipulate time, the amount of practice, or the amount of 



drill. It /should also be noted that multiple embodiments have actually 

■ / 

been used In many other studies than these few in which they were identi- 



fied as tfie factor of concern. Perhaps children who count using both 

■ ' ' ' / 

•markers ^nd hops on the number line are being given a basic multiple em- 
.bodimen^: experience. Considered in this sense, children used several 
types o'f materials in many of the studies considered in the previous two 



sections. But until the interaction of all these variables is better \ 

... . • . . 

understood, tlie expectat-ion that use of multiple embodiments, as a single 
factor, will affect achievement does not seem to be warranted ♦ 

There are other criteria l^y which multiple embodiments may be just;Lfied 
To help children' understand applications of mathematics or appreciate the 
utility of mathematics in today's world, presenting mathematics in a 
variety of physical and practical embodiments certainly seems logical.. 
The'inclusijon of multiple embodiments may be important to Consider as 
course, objectives and long-range curriculum goals are determined. Unt^il"^ 
research-can further clarify the relationship of embodiments to immediate 
learning, |lt woiild seem that pro'gr^ms should. not be limited to the use of 
\\only one type of embodiment. 

Who Sliall Manipulate ? ^ ^ / 

A. I 

Does It make -a difference who manipulates physical materials in the 

'l ' ' ' . ^ - 

classroom? Several studies have be^n concerned with comparisons between 

individual student use of Materials and teacher demonstration with r.iaterials. 

Achievement outcomes of these studies are summarized in Table 4. Only one 

study favors the demonstration mode (Trueblood, 1968, 1970). It is impor- 

tant to note,- however, that in Trueblood's teacher-demonstration treatment 

pupils wer4 asked to focus on thinking about mat/ipulation of the materials ~ 

as "the teacher worked. He, termed this "tovert manipulation", and the strong 

/ 

/ 

focusing on vicarious participation sets this treatment apart from the 
usual idea of teacher demonstration. / 

These^resul^s seem quite consistent with those v^ho advocate activity 
learning approaches. Learning is believed to take place because of mental 
activity by the learner. Physical manipulations by the learner increase 
t^ie- probability of this mental activity. However., the four studies which 



TABLE 4 



Author 



STUDIES INVESTIGATING PUPIL OR TEACHER 
USE OF MATERIALS 



Date 



Content 



.Grade 
> level 



Branch — 



Gilbert' 



Toney 



' ^Favoring Pupil Use 

..^ 1974 Integers (addition, ^-*,6 

subtraction) 

1975 Addition, subtraction 3 

(two--digit numbers) 
(one school) ' " 

1968 , Several topics . 4. 



Bis id , 
I Gilbert 

J^afoison 
Knaupp 



No Significant, Difference - , 

' ' ' c 
1971 ,/ Fractions 



1975 

1964 
1972 



Addijtion, subtraction 
(two-digit nitoibers) 
'(second school) 

Numeration 

Numeration 



5 
3 

7 
2 



Trueblood 




Favoring Teacher Demonstration 

19 68 , Numerat ion 4 
1970* 



found -no Significant dif f erehces. between methods remind us that individual 
manipulation is not the only way to 'achieve desired mental actiHty. When ' 
other factors such as cost or classroom facilities become important, there 
may be wa^^s to cjreate demonstrations by -the teacher that can be as effective 
as individual manipulation. 

Type of Learner 

Various tjrpes of learner characteristics have been considered as 
factors on which ''to^ block and analy|e data. One of these is achievement: 
what pattern af achievement have learners exhibited in the.pafet? WhilW 
many educators believe thaty^ow achievers need to use materials ^tnqre than, 
hieh achievers do,, that point is no£ borne out. by Research. Denman (1975)^ 

> / . . . , . ^ 

a/id G. Green (1970) reported no significant differences: th^t is, the us^ 

\ 

of materials appeared to be as effective at one achievement level as at \ 
another, at. least for students in grades 5 <Bnd &. Shoecraft (1972), h'ow-\ 

ever, stated that the use of materials did 'not affect achievement except ; 

- ' ' ' ' ^'^''"^^ - ' 

for the seventh graders at the low achifeA^ment level 'in his sT:udy: there ^ 

. ■ ' '"■ ' r \ 

the lise of materials seemed- particularly effective. ^ '\ 

' - ' , ' ,'^< \ 

Trask (1973) analyzed data by abilaty level; he found that students i 

• ■ • \ . ' • •• i 

in grade 3 who were below average in ability benefited more from the symboii 
method, while those with above-average ability were helped more by manipu-- 
lative materials. He points out that the materials were confusing to 
the low-ability students. Yet one study is not sufficient to have a clear 
understanding of the effect of materials in relation to ability. • Other 
studies (see Appendix A) which have considered the IQ variable have 
generally reported no significant differences.. Armstrong (1972) presents 
the strojrigest evidence that manipulative materials help mentally retarded 
children. • 



Wallace (1974) included approximately 50 students (one-third of her 
sample) who were "clasiJified as Title 1 students or welfare recipients" 
in a study on the use if varied manipulative materials 'versus expositorv 
instruction. \There wajb no _clarif ication of how many of the students were 
in .Title I programs and how^many were welfare recipients.) She reported 
that "the achievement of the welf-are recipients was not significantly 
different from the achievement of the non-welfare. recipients", and con- 

clUde^ that ' * ' 

Ic can be inferred that any student, reg'ardless of socio- 
' economic background, if given an appropriate leari\ing 
' ' environment, can evidence growth as was indicated- by the^ 
parallel performance of the welfare and non-wel^fare 
- recipients, [^p'. 2899] ^ ' — ™ 

In other studies, including some on actiyity-oxiented programs 
cited in Chaptei: IV, the findings for students from low socioeconomic 
levels are mixeS. Crowder (1966) and Passy Xl?64b) found that achieve- 
ment with the Cuisenaire program increased as socioeconomic level 
increased.. Bisio (1971) reportei^, no significant differences between 
manipulative use versus non-manipulative use for low socioeconomic 
groups, while watching a teacher demonstrate with materials was better 
than non-use for students ftom higher socioeconomic levels.^ Schipnert 
(1965) reported no significant differences between studen,ts using 
materials in a laboratory approach or having regular instruction. 
Weber (1.970) indicated a trend favoring manipulative materials for first 
graders from low socioeconomic levels. 

Hankins (1969) developed a special program for fourth graders "from 
impoverished area^*'. Like many other programs developed for special 
purposes, it was found to be better than the "usual" program. .The 
mo.tivational effect of being involved in a project, of being provided 



with special help .'and instructional material^, can be attested to fby 
thousands of stud'ents and teachers. Students generally profit fronN 
the attention directed toward them in special projects: thatTis* they 
have positive reactions and sometimes even make achievement gains. 

9 

Teachers should take advantage of this motivational effect . — and 
attempt to collect data on how strong and lasting an effect it is. 

Age of Learner (Grade Level) • 

Many mathematics educators fe^l that the relative importance of 
activity with manipulative materials decreases as age increases. , They 
reason that materials are^important until the 'child develops .^ymbolic 
skills, but that once those skills are developed in one major area they may 
^be applied to onher areas;. For instance, once addition is .mastered 
symbolically, multiplication can be learned symbolically by treating.it as ' 
repeated addition. ' ^ ' ^ * , 

Because of this widespread belief, the need to consider results by 
age level is apparent. Research studies on manipulative ^materials were 
' therefore grouped according to the grade level involved, since most used ^ 
this designation rather than age. Summaries of these groupings are 
found in the tables which follow. Since not all grade levels are equally 
represented by studies, it was necessary to group together studies by 
pairs of grades, in order to get a clearer projection of the results. 

Table 5 lists 16 studies conducted in grades 1 .or 2. Five studies^ 
(Babb, 1976; Bolduc, 1976; Cook et al., 1968; Earhart, 1964; Steffe and 
Johnson, 1970) favor the use of concrete materials -over the use of 
pictorial and/or abstract modes. In two studies (LeBianc,' 1968; Steffe, 
1967, 1970), no significant diff^^rence was found between concrete and 



RESULTS OF STUDIES IN GRADF.S 1 AND 2 



Ai!lthor 



Bo]:duc 
Cook et' al, 

Earhart 
" Fennema, 

* _ y 

Gibb 

Harshman 
Knaupp * 
LeBlanc 
Muckey 

Scott/Neuf eld 
Steffe 

Ste'f f e/Johnson 
Weber 

Wheeler 
Wood 



Date Results 

1976 ' manipulative materials ^ imagery or textbooKs 
Lor nniltipli cation Tacts - - \ * 

1970 .visual aids y no aids in problem solvanj^ 

,1968 manipulative materials^ television or 

tex-tbook 

1964 abacus '^^workbbok 

1970, ,^ symbolic]^ (;oncrete on transfer test for 
1972. ' Auitiplication 

1956 pictorial^ concrete ^abstract for subtrac- 

tion problems , ? 

196'2 teacher-made program with aids ^ Numb'iraids 

(commercial)r program 

1971, NSD between individual use and teacher 
197?. demonstration for numeration 

1968 concrete = pictorial^ symbolic Jn subtraction 

problems 

1971 Dienes = non-D-ienes materials at high S/.S 

level; non-Dienes slightly favored al. 
, ^ -middle SES level for numeration 

1976 ' NSD between concrete, pictorial, symbolic . 
for multiplication 

* » ' 

1967, ' concrete = pictorial-^ symbolic on addition 
1970 * problems 

1970 concrete y no materials Cor addition problems • 

1970 . NSD bet 'een concrete and paper-and-pencil 

^ follow-up activities > 

1972 significant correlations between number of 

ambodiments and achievement on multi-digit 
addition and subtraction. 

c 

1974 NSD between concrete and pfrtorial for 

mult ioli cation 



pictorial treatments, but either was more effective than use oE only ^ 

, ' ' • ?' ' 

svmbols. Three other studies also indicated no significant difference 
between^ concrete and other treatments (Scott and Neuf eld, Weber, 
1970; Wood, 1974). Only one study (Fennema, 1970, L972) indicated that 
a syijibolic treatment was more effective than a concr^ete one, while one 
Other study (Gibb, 1956) found that a pictorial treatment was more help- • 
ful than a concrete one, but either was better than use of only symbols, 
[The remaining studies focused on the type of use (Knaupp, 1971, 1972), 
compared two types of materials (Harshman, 1962; Muckey, 1971), or con- 
sidered multiple embodiments (Wheeler, 1972).] The importance of manipu- 
lative materials in grades 1 and 2 seems apparent from tjiese results. 

Twenty studios were conducted in grades 3 or 4 (see Table '6) . In 5 
(Earhart, 1964; Ekman, 1967/ Johnson, 1971; Nichols, 1972; Wallace, 1974), 
the use of concrete materials was "favored over the use of pictorial and/or 
abstract modes. And iri 4 others (Brawn, 1973; Curry, 1971; Nickel, 1971; 
Norman, 1955), use of concrete and pictorial materials was better than use 
of only abstract»'-material3. An abstract treatment was found to be more 
effective than concr&t^' or .pictorial treatments in only one study (Carney, 
l'973). No significant difference between modes was reported by 3 studies 
(Davidson, 1973;' Trask, 1973; Wood, 1974). [Four studies (Gilbert, 1975; 
Prigge, 1974; toney, 1968; Trueblood,. 1968, -^1970) compared types of use; 
-two (Olley, 1974; Punn, 1974) focused on-sequences; while aYiother (Sole, 
1957) focused on number of embodiments..] Thus, the picture at grades 
3 and 4 again indicates an advantage^ when manipulative materials are ustid. 

In Table 7, 12 studies with children in grades 5 and 6 are cited. 
Use of concrete materials was favored in 3 instances (Bring, 1972; Johnson 
1971; Wallace, 1974), and use of either concrete or pictorial treatments 
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TABLE 6' 



Author 



Bro^m 



Carney ' 



Curry 



RESULTS OF STUDIES IN GRAW^' 3 AND 4 * 



Date 
1973 

1973 
I 

1971 



Results 

text + manipulatives + film ^ other combina- 
tions for equivalent fractions 

abstract ^'objects + number' line for addition 
aad^ubtraction with rational numbers 

concrete or pictures ^ verbal for clock 
arithmetic 



Davidson 

Earhart 
Ekman 

Gilbert - 



1973- 



1964 
. 1967 



197-5' 



Johnson, Robert 197/. 



Nichols 



Nickel 



Norman 



Olley 



Prigge 



Punn 



1972 



1971 



1955 



197A 



1974 



1974 



• NSD in achievement, but better conservation 

f^r materials--!- textbook rather than 

textbook alone ^ 

\ • 

abacus > workbook < 

--^on'crete ^ pictorial or abstract for 
• addition subtraction 

' individual manipulation*.^ teacher demonstration 
«for addition and subtraction in one school; 
NSD*in anoth^ir ^choo'i ^ ^ ' ^ 

phvsical models and instrument!; + text ^ 
. 4rext ,vithout models or. text without drm^ings 
perimeter, area, and vorluifie concepts . 

material^ with discovery^ traditional exposi- 
'tion for mult: plication and division . * 



Lem 



•^mateyials pictures^ verbal for proble 
solving " ' ' 

concrete -K p^dtonial.^ te:^t or conventional 

on transfer/retention test; NSD on. immediate 
te^t fo.r division " ^* - / • 

■ ^ • 

concrete-to-ab^tract sequences^ pictorial- 
abstract or abstract se(|uences on transfer 

test on numeration concepts: A'55D on retention 
\ i » 

teacher demonstration and student inanipulation 
of sol'ids y paner and oencil or paper-folding, 
geoboard activities 

^ 

concrete-symbolic ^ concrotc-pictoriaL-svmbol tc*^' 
pictorial^symborTc"^,quences for mult In Licati-on *^ 
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1\\BLE 6 (Continued) 



Author 
Sole. 



tonev 



Trask 

TruebJocd 

Wallace 
Wood 4 



Delta 
1957 

1968 

1973 



1968, 
1970 

W74 

1974 



Resu] ts 



i 



NSD on number of^ embodiments used for addition 
with carrying 

individual manipulation^ teacher denonsiration 
for several concepts 

NSD between materials and traditional lessons 
for multiplication 

teacher demonstration^ individual manipulation 
for exponents and bases 



ma 



terials ^ traditional for fractions 



NSD -between concrete and pictorial f or - 
multiplication 



TABLE 7 ' 

RESULT'S OF STUDIES^IN GRADES 5' AND 6 



Author 



Beards lee 



Bisj o 



Bohan 



Branch 



Bring 

Carmody ^ 



Date Res ul ts 

^1973 * NSD on number of inultipl^> embo.dimenrs for 
fractions on generalization tests 

L971 NSD between pupil use and teacher demons tration^ 

but teacher use ^ <dfio use of materials for 
fractions 

197-1 • diagrams-^r paper-folding ^ abstract for 

equivalent fractions; NSD for ooerati^ns 
wi t h f ra c t io n s '^^ 



1974 

1972 
1971 



individual use^'v teacher demons traticrT^or 
integers ^ ^* 

concrete^ no materials for geonietrv 

concrete^ svmbollcon transfer test on 

_ numeratlbn concepts; pictorial ^ symbolic 

on two other transfer tests and immediate 

test 



Denman 



Gau 



1975 NSD between concrete, pictorial, and symbolic 

for remedial addition and subtraction 

1973 NSD on number of multiple embodimentb for 

fractions on transfer tests 



Green, G. 1970 
Johnson, Robert 1971 



St. Martin 



1975 



N'SD between materiais and diagrams for frav t ion.: 

physical models and instruments + text ^ 

text without nodels or text without drawings 
for perin^eter, area-, and volume concepts 

NSD between concrete-pictori^i^=::^stract sequence 
and pictorial-abstract sequence for fractions 



Wallace 



1974 



ma 



terials^ traditional for fractions 



4''i 



was better than a symbolic treatment in 2 others (Bohan,\97]; Carmody, 
1971). No significant " difference between modes was reportea\by 2 studies 
(Denman, 1975.; G\ Green, 1970), as well as' by one cited above \n a second/ 
measure (Bohan, 1971). [Other studies focused on type of use (Bik;Lb, 1971; 
Branch, 1974), sequences (St. Martin, 1975, or embodiments (Beardslee, 19.73; 
Gau, 1973)^1 That beneficial effects may accrue from the use of concrete 
materials at these grade level's is suggested by these results. 

Two of the 8 studies at the seventh- and eighth-grade levels (se"e 

> 

Tablets) favor the use of concrete materials (Bledsoe et al., 1974: Shoe- 
craft, 1972), one reported "no negative effects'! from using concrete materi- 
als (Rich, 1972), while one favored the use of an abstract approach 
(J, Smith, 1974). No significant difference between modes was reported by 
2 (Anderson,' 1958; McMillian, 1973). (One study focused on type of use 
(Jamison, 1963, 1964) and one on sequence (Olley, 1974).]. l^ila the 

total* number of studies limits the generalization, nevertheless these 

t 

studies provide some evidence that the use of concrete nMterials can be 
effective in tipper grade levels. 

The variety of approaches, topics, and designs involved when studies 
are grouped by grade level makes interpretation of age trends very diffi- 
cult. We believe, however, that the studies do not support the notion ^ 
that activity lessons with manipulative materials ara important at oarJv 
elementary-school levels, but not at upper elementary-school levels. 
Studies at everv grade level support the imjvortance ol manipulative acti- 
vity Jessons — and more studies support the use of msteriaJs than use 
of only pictorial or abstract procedures. 
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TABLE 8 

RESULTS OF STUDIES IN GRADES 7 AND 8 



Author 



Anderson 



Date 



1958 



Bledsoe et al- 1974' 



Results 

NSD between materials and no materials for 
geometric concepts . 

materials^ paper-and-pencil units for 
fractions and decimals 



Jamison 



McMillian 



.Olley 



Rich 



Shoecraf t 



Smith, J. 



1963, 
1964 

1973 



1974 



1972 



1972 



1974 



NSD between individual use and teacher 
demonstration for numeration 

NSD between use or T^n-use of ^physical model 
for numeration 

concrete-to-abstract sequences^ pictorial- 
abstract or. abstract sequences on transfer 
test on numeration concepts; NSD on retention 

multi-base blocks + Cuisenaire rods did 
not negatively affect achievement on 
fractions 

concrete or abstract ^ pictorial for number, 
coia, and age problems; concrete ^ pictorial 
for work and mixture problems 

expository unimodel or multimodel approach 
for area concepts - \ 
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Mathematics Content 

Is a manipulative materials approach more appropriate*' for some matlie- 
matics concepts than lor othcirs? To answer this question we grouped studies 
according to the mathematics topic involved, and, examined the outcomes. 
A few studies (o..g., Brarnch (1974).. and Toney (^1968)] dealt with so broad 
a range; of content that thoy could not be placed on any table.^ The re- 
maining studies have been grouped into six broad content areas: numeration, 
, addition-subtraction, multiplication-division, fractions, geometty, and 

^ verbal problem solving. ' * ' ' 

/ 

f^ine studies on various numeration 'topics aire included on Table 9. 
Of S on number bases, use of concrete or pictorial materials was favored 
on one (Carmody, 1971), no significant difference was noted on one (McMil- 
lian, 1973), while 2 others focused on type of use also ^reported no signi- 
ficant difference (Jamisoii, 1963, 1964; Trueblood, 1968, 1970), and' one 
compared two types of materials (Muckey, 1971). Of the remaining studies 
on numeration, 2 favored use of concrete or pictorial materials (Cui*rv, 
1971; Earhart, 1964), while one focused on type of use (Knaupp, 1971, 1972) 
and one on sequeces (Olley, 1974). The variance in focus is too -great 
to enable any firm conclusion from this set of studies on numeration topics. 

Studies which de^lt with addition and subtraction are listed on Table 
10. These studies can be divided into two categories: tiiose which dealt 
with t»»t; use of materials in problem solving (all in grade 1) and those 
which dealt with algorithms involving regrouping, carrving, and borrowing 
(in grades 2 and 3). The 4 studies involving problems (Bolduc, 3 9/0; 
LeBlanc, 1968; Steffe, 1968, 1970; Steffe and Johnson, 1070) are also in- 
cluded ii. Table 14; all provide some evidence indicating that the tise of 
materials is helpful in problem solving involving addition and suI'M.iv i ion. 
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TABLE 9 



J 



RESULTS OF STUDIES ON NUMERATION TOPICS 



Ailithor 




I Jamison 



Knaupp 



McMillian 



Muckey 



Olley 



Trueblood 



Date Results 

1971 . , concrete ^ symbolic on transfer test on 

number bases, properties of odd and ^•ven 
' * numbers, and divisibility: pictorial 

symbolic on two other transfer tests ' • 
and on .Timmediate achievement in guade 6 

concrete or pictures^ verbal, for clock , 
arithmetic in grade 3 • - - 

abacus > workbook, for varied numor^.tiori 

topics in grades 1-3 . ^ 

NSD between individual use of abacus and 
teacher demons tratf ion for number base?' 
in grade 7 

NSD between individual use" of Dienes blouks 
• ^ or sticks and teacher demonstrat.-on 
for numeration conce.pts in gr^ide 2 

NSD between use or non-use* of physical model 
for number bases in grade, 7 

Dienes " non-Dienes materials at hi^/n SEf^ 
level; non-Dienes slightly favored at 
middle SES level for studv of nuinber 
bases in grade 2 

1974 concrete-to-abstract sequences ^ pirtorial- 

abstract or abstract sequences v^ri transfer 
test on numeration concepts related to 
» even/odd, zero, and one or permutations; 

NSD on retention test in grades i and 7 

1968, teacher demonstration^ indivLdual manipii- 

1970 lation for exponents and number L)ase<^ in 

grade A 



1971 



1964 



1963, 
1964 



1971, 
1972 



1973 



1971 
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TABLE 10 



RESULTS OFkSTUDIES ON ADDITION AND SUBTRACTION TOPICS 



Author 



Bolduc 



Date ? Results 

1970 visual aids ^ no aids on addition problems 

in grade 1 



Denman 

Ekman 
Gibb 
Gilbert 

^LeBlanc 

Sole 
Steffe 

Steffe/John'son 1970 



Wheeler 



1975 NSD between concrete, pictorial, and symbdlic 

for renfedial addition "and subtraction 
in grades 5 and 6 

1967 concrete > pictorial or abstract for addition 
and subtraction in gracie 3 

1956 pictorial > Concrete ^ abstract for subtraction 

in grade -2 - , ,j 

'\ 

1975^ individual manipulation ^ teacher demonstration 

, for , addition and subtraction in one school; 
NSD in another school (grade 3) 

1968 concrete = pictorial > S3nnbolic on subtraction 
ptoblems in grad'e 1 

1957 NSD on number of Embodiments in grade 3 

1968, concrete = pictorial .symbolic 'on addition 

1970 problems in grade 1 

concrete^ no materials for addition problems 
in grade 1 

1972 significant correlations between number of 

embodiments and .achievement on multi-digit 
^addition and subtraction in grade 2 



/ 



( • , • . _43r. • . ' 

f 

The remaining studies vary- in focus; the findings of the three comparing 
modes (Denman/ 1975; Ekman; 1967; Gibb, 1956]! reveal discrepant findings. 
Thus tlie evidence on the effect qf the use ojf manipulative materials in 
teaching addition and subtraction Is somewhat limited, but imade stronger 
by the positive effect on addition and subt^iraction problems. 

Seven studies dealt with the use of manipulative, materials to teach 

*■ ' " s ■ • / ' ' 

multiplication (see Table 11). These all concerii introduction of the 



multiplication concept In the primary grades. Three favored the use of 
concrete and/or pictoriai\materiais (Babb[ 1976; Nichols, 1972; Norman, 
1955); one favored the use^of the symbolit mode (Fenneraa, 1970), and 3 
reported no significant diffWence betwein modes (Scott and Neufeld, . 
1976; Trask, 1971; Wood, 1973). [One v. ann, 1974) focused on sequence.] 
^ Thus the use of concrete material^ vh^n introducing multiplication seems 
rather effective. ^ 

The 11 studies listed on Taole 12 looked at .the us^ o^f manipulative 
materials to teach various fraction "concepts. Use of the concre^^ and/lor^ 
pictorial mode was favored on 4 (Bledsoe et al., 1974; Bohan, 1971; 
Brown, 1973; Wallace, 1974);, one reported '*no negative effects" (Rich, 
1972;; one favored the abstract mode (Carney, 1973); and no significant 
di-f^ferences ware reported by 2 (Bohan, 1971, also cited above for another 
measure; G. Green, l^^o) , [Two others focused on embodiments (Beardslee, 
1973; Gau. 1973), one on type of use (Bisio, 1971), and one on sequence 

(St. Martin, 1975)]. Again, the use of concrete materials in teaching 

I 

fractional concepts seems rather effective. 

Table 13 lists" 5 studies concerned with the teaching of geometric 
topics. These studies span grades 3 through 8, and are very diverse in 
.the specific geometric concepts which they include. They are also diverse 
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TABLE 11 



RESULTS OJ STUDIES- ON MULTIPLICATIo\^AND DIVISION TOPICS 



Author 



Babb 



Fennema 



Nichols 



Norman 



Punn 



Date 
1976 

1970 

1972 

1955 



Scdtt'/Neufeld 



Trask 



Wood 



1974 

1976 
1973 
1974 



Results 



\ 



manipulative materials ^imagery or textbooks ^ 
for multiplication facts in grade 2 

symbolic ^ concrete on transfer test for 
for multiplication in grade 2 \ 

materials with discovery ^ traditional exposi- 
tion for multiplication -and^ division in 
grade 3 

» 

concreve + pictorial ^ text or conventional 
. on transfer/retention test; NSD on immedi- 
ate '"acliievement*^ test for division in 
grade- 3 

.concrete-symbolic ^ concrete-pic toridl-symbolic 
pictorial-symbolic sequences for multipli- 
cation in grade 3 . 

NSD between concrete, pictorial, symbolic 
for multiplication in grade 2 ' 

NSD between materials and traditional lessons 
for multiplication in grade 3 

NSD between concrete and pictorial for multi- 
plication in grades 1-3 
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TABLE 12 



.RESULTS OF STUDIES ON FRACTION TOPICS 



Author 



Date 



'Results 



Beardslee 



1973 



NSD on number of embodiinents on generalization 



tests in grades 5 and 6 



r 



Bledsoe et al* 1974 



Bisio 



Bohan ' - 



Brown 



Carney * 



6au 



Green, G. 



Rich" ^/ 



St* Martin 



Wallace 



.1971 



P71 



1973 



1973 



1973 



1970 
1972 



1975 
1974 



materials^ paper~and-pencil .units for fractions 
and decimals in grade 7' 

NSD between pupil use and "teacher demonstration, 
but teach<^ ';^se ^ no use of materials in 
grade 5 . ^ 

diagrams , or paper-folding ^ abstract"* for ^ 
equivalent fractions; NSD for operations 
' with fractions in gra<ie 5 ^ — - 

text + manipulatives + film^ other combina 

tions in grade 4 ^ . . . ' ' 

abstract^ objects + number* line for addition 
and subtraction with rational numbers 
in grade 4 • ^ ^. 

NSD on number of embodiments on transfer tests 
in grades 5 and 6 . 

-NSD between materials and diagrams in grade" 5 

multi-base blocks + Cuisenaire rods did not 
nega.tively affect achievement in grade- 7 

NSD between concrete-pictorial-abstract sequence 
and pictorial-abstract sequence in grade 5 • 

materials^ tra*dttional in grades 4-6 
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TABLE 13 



RESULTS OF STUDIES ON GEOMETRIC TOPICS 



Author 



Anderson 



Bring 1972 
dohnson, Robert 1971 



Prigge 



^ Smith, J* 



Date : Results * ^ 

1958 * NSb between materials and no materials in 

grade 8 . ' • 

concrete ^ no materials in grades 5 and 6 

physt:r:al models and instruments + text 
•text without models or test without- 
i drawings in grade's ^^6 

1974 ' teacher demonstration and ^student , manipulation 
of solids pap'er atid pencil or paper-folding, 
' • geoboard activities.' ^ 

1974 expository ^ unimodel or multimodel approaches. 

• in grade 7 
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in findings, and no firm conclusion can be reached* 

Six studies investigated the use of materials in mathematical problem- 

o 

solving situations (see Table lA). Although these studies span grades i, 
4*, and 7, they all c-igree that the use of manipulative materials oy: visual 
aids is an advantage in problem solving. Perhaps this finding 'is not too 
surprising. Since most problem-solving involves firs^: understanding 
the situation in which the problem is embedded, represejating that situation 
with objects or pictures^ should obviously be helpful.' Perjhaps what is 
surprising is that the use of physical materials in problem solving in 
elementary-school mathematics is not more widespread. 

Our initial analysis of studies on manipulative materials indicated 
that.'^the use of manipulative materials either increased achievement in 
mathematics, or provided achievement as good as that in lessons with which 
materials were not used. This analysis of studies according to the typ^'i 
of ^content involved does not change that conclusion; rather, it adds some 
detail to the picture. While no firm conclusions can be drawn from the 
studies on numeratioti or geometry, the other topics (addition and subtraction 
multiplication, fracti">ns, and problem solving) are generally positive 
toward 4:he use of manipulative materials. We havie suggested that this is 
entirely plausible for problem solving. It also seens quite reasonable 
for the other topics, particularly at the introductory points for new con- 
tent. But as concepts become increasingly difficult, more prior learning 
^must be considered as studies are designed. We shall now turn to an \ 
exploration on procedures, considering four of the cited studies on multi- 
plication as examples. 



TABLE W' 

, RESULTS OF STUDIES ON PROBLEM SOLVING 



Author Date 

Bolduc 1970 

LeBlanc . 1968 

Nickel ^ . . 1971 

Siioecraft 1972 

Steffe 1968, 

' ■ 1970 

Ste'ffe/Johnson 1970 



Results 

visual aids ^ no aids with addition problems 
;in grade 1 . ^ - , ^ * 

concrete = pictorial y symbolic on subtraction 
problems in grade 1 "l', 

material's + pictures^ verbal approach in 

grade 4 • - • ^ 

concrete or abstract^ pictorial for number,' 
coin, and age problems in grade 7; concrete 
pictorial for work and mixtute problems 

concrete = pictorial^ symbolic on addition 
problems in grade 1 ^ • 

concrete^ no materials for addition problems 
in grade 1 



for the addition-subtraction category. Jhese topics are taught at a time* 
when the child is first coping with symbolism, and materials which remove ' 
symbolisra difficulties shoulJ be expected to produce greater achievement. 
Perhaps, however, the fact that manipulative materials provide less rela- 
tive advantage for multiplication, fractions, and geometry is a function 
of "the fact that these concepts beccjme increasingly difficult ,. and more 
prior learning must be considered as studies are designed. We shall now 
turn to an exploration on procedures, considering Jcour of the "cited studies 
on multiplication a-5 examples. . • 

M^ijiiplication' Revisited: The Interaction of Act ivities and Content 

Sometimes the use of manipulative materials aids in :thc learning of 
mathematics content; sometimes it does not. To Lry to gain irisigh^'^to / 
reasons that might underlie tliese differences i^/e wi.il examine the treatments 
used in five studies involving? tht. teaching of multiplicat j^u in grades 2 
a^ 3. As we have seen from Table 11, the results of stsfdies in tJ^Ls area 



are varied. ^ 

One of the most important studies on muitiplica'tion ^nd activitv 
learning is thPt of Fennema (1970, 1972). In a caref.ully controlled studv, 
second-graders were taught multiplication products less than or equal to 
10 by eill'.er a meaningful sy^nbolic metho^ or by a concrete manipulative 
method. In both cases, multiplication was taught as a mapping of an 
ordered pair of numbers onto a single number* The multiplication fact "two 
times three equals six" was written as 2, 3--/ 6. The method for justifving 
this mapping was varied recording to treatment. The justification used in 
the symbolic treatment was t^at of repeated addition: 2,3 maps; onto 6 
because 3+3=6. In the concrete treatment, the ju ,t if ic^ition was made us'ing 
Cuisenaire rods: 2,3 mans onto 6 because 2 rods with a length of 3 wlien 



placed end to end are as long as a rou with a length of 6. 

Six classes involving 148 second-graders from the elementary school 
in Or'"«on, Wisconsin were used in the study • Children from each of six 
classrooms were randomly divided into two groups for the two treatment 
lessons. The unit of analysis used in the study was classes (6), Four 
outcome measure, we re. obtained- The first of these, an immediate recall 
test of the mulLiplication facts taught, , showed no signj.f leant diffc'^nce 
between the two treatment groups, A second test (Symbolic Transfer I) 
assessed students on multiplication facts whose products ranged from 11 to 
16 (facts which had not been specifically taught by either treatment). 
^No significant difference was found on this test, although trends favored 
the svmbolic treatment group slightly. A third test (Symbolic Transfer IT).-* 
was given one week after the second test. This test: was identical to 
Symbolic Transfer Test I, except. that all students were provided with dis- 
crete counter3 to use. A significant difference at the ,03 level favored 
the symbolic treatment group on this test. -^Finally, a concrete transfer 
test was given, in which children were asked to use multiplication facts 
to balance a balance beam. No significant differences v;ere found on this 
fourth test. 

The finding of a significaxit difference on the third test is particu- 
larly, puzzling since that .test^'can be interpreted as measuring at least 
two different outcomes. Because it was given sevcm days' after 'the original 
symbolic transfer test, it can be interpreted as a retention tt&t, leading; 
one to conclude that the symbolic treatment provided greater retention of 
learning. However, this test was unique in that all students were provided 
with a manipulative laid which they had not used before, namely counters. 
These counters were all identical. Students in the concrete treatment hud 

/r- 
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previously used Cuisenaire rods. But Cuisenaire rods are not ail identical: 
they vary by length, with different lengths representing different numbers. 
It seems just as plausible to explain the differences on this test. as being 
due to .interference between the matii|>ulative aid provided and the manipula- 
rlve aid used 'by the concrete group. (Since the symbolic group used no 
aids they should have experienced no interference, and therefore have been 
at an advantage, as the results incjicate.) Unfortunately, there is no 
evidence in the study, to. indicate which of the two interpretations is correct. 

The conjecture that performance is affected by the nature of the 
manipulative aid used may 'also provide an explanation for the "slightlv 
poorer showing of the concrete treatment on the first symbolic transfer 
test. On this te5»t the concrete group was provided with Cuisenaire rods 

♦ 

as well as pencil and paper. This test (as did the second symbolic 

transfer test) involved multiplication^pcoducts ranging from 11 to 16. 

The largest Cuisenaire rod has a length of 10. In the original lessons 

(which involved products less than^^r equal to 10), any" required answer 

could be represented by a. single rod. But in th^. transfer test, no 

answer could be represented by a single rod. To find an answer to 

\ 

3,4— ^?_, three four-rods should be placed end-to-end. These are longer 
than a ten-rod. One must then find an^^ther rod to add to the ten-rod 
to construct an equivalent length. Technically tl:j.s calls for a v.ev 
procedure not taught in the original lessons. ^Ims the symbolic transfer 
test allows chiMren in the symbolic treatment to transfer -their proi edure 
to new problem:;, but requires children in the concrete treatment to invent 
a new step to extend their procedure to applv to the now problems. Whether 
or not tTiis extension is trivial is certainly open to question. It seems 
plausible that it might account for the slight advantage noted for children 



in the symbolic treatment. . ^ 

It might also account for part of the disadvantage shomi by children 
from the concrete ireatmtint on Symbolic Transfer Test II. As a consequence 
of Symbolic Transfer Test I, the successful concrete-treatment children 
learned to apply one process»,to products less than or equal to ten, and a 
slightly different process to products greater than ten. Yet on Symbolic 
Transfer Test II they were provided with a manipulative aid (discrete coun- 
ters) which allowed a single process to be applied to all problems. 

Perhaps the only conclusion that can be drawn f rom. Ferinema* s study 
is that the use .of Cuisenaire^ods to teach multiplir^ation raises potential 
problems! Comparisons of Cuisenaire programs with other elementary-school 
programs show that the Cuisenaire programs lose their advantage by. grade' 3 
(see Table 19). The introduction of multiplication as an important .topic 
in grade 3 makes it possible that earlier advantages could be canceled 
out by difficulties encountered in teaching multiplication witL Ciiisenaire 
rods. 

Are there similar difficulties in teaching multiplication with 
discrete objects such as counters? The study by Nichols (1972) seems to 
indicate that this is not the case. Her Treatment A used 5/16-inch cadmium- 
plated metal nuts with felt mats marked into patterns to correspond with 
number combinations and booklets for ^Jie recording of answers- Treatment B 
used semi-concrete materials such as pictures, drawings, f lannelboards, and 
other materials of a non-manipulative nature. She also characterised Treat 
ment A as one involving pupil discovery, while Treatment B used teacher 
explanation and exposition. In Treatment A children worked in pairs 
according to assignment by the teachers. Treatment A utilized specific 
language for the multiplication and division signs. These pupils were 
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• taught to read "x" as "sets of" or "groups of". Thus 2 x 3 is read as 

> 

"2 sets of 3". The division symbol ^ was read as "has how many sets (gro-ups) 
• J . 

of". Thus 6^2 was ^ead as "6 has how many sets of 2". No mention was 
made of similar vocabulary treatment in Treatment B. 



3oth treatments involved ":ifteen 45-minUte periods of instruction 
on the multiplication and division combinations with 6, 7, and 8. * A total 
of 267 third-grade pupils knd ten teachers from six schd^ls in the LaMie^a- 
Spring Valley (California) schools, were involved. Results strongly favored 
Treatmwt A pupils. They raised. scores on^a multiplication test from 
45 per cent'-before the lessons to 85 per cent after the lessons while 
Treatment B pupils were only able to^' increase scores from 42 per cent to 
54 per cent. Gains- on a division test were even more spectacular for 
Treatment A pupils , rising from 28 per cent to 74 per cent as compared 
with a gain from 33 -per cent to^ 43 per cent tor Treatment B pupils-. 

Unfortunately, it is impossible to credit this success to any single 
factor. Treatment A differed from Treatment B in its use of manipulative 
materials,; But it also differed in its use of pupil discoverv, pupil- 
pairing/,' pupil recording of ^sults in booklets, and use of specific 

7' ■•■ 

and consistent vocabulary for multiplication and division symbols. When 

mixed together by Nichols, these factors all combined tD create a potent 

.t^eatment.^ But w6 know neither the effect of varying the proportion 
/. ^ • ^ ^ - 

^r the emphasis of these factors, or of the mixing process itself. (Nichols 
/ ,^ ' ' . • - ' 

/mentions that each teacher in Treatment A was supplied with a kit of 

materials and instructed in their use, but giyes no details about this 

instruction.) 



The reader might be interested in noting that Babb (1976) in^iicatcs 
the use of Nichols* manip.ulative* treatment , but., does not attain tlie 
strength of her. results. However, it is unclear just how closely Bahb 
replicated the procedures, beyond the use of <:admium-plated nuts . . 



We can conclude tKat a treatment involving counters^ can be very 
effective in teaching multiplication and divisio^i facts, but we really 
have no^ irisigRt into wITat maKes it effective. (Could it be because the 
metal 'nuts^ were cadmium-plated?) 

Punn (1974) also found an advantage for using manipulative materials 
to teach multiplication in grade 3. His first treatment involved a wide 
variety of manipulative materials such as number lines, arrays, grids, 
chips, bottle caps, pegboards, geoboards, and matched sets of blocks and 
cut-o-uO felt objects. Treatment 2 uoe4 pictures, charts, and transparencies 
A. tj>ird treatment used both manipulative materials and pictorial represen- 
tations. Ninety pupils from three schools in the Cherry Cueek Fchopl Dis- 
trict in Colorado were involved. Threi^ randomized samples were dra\^m from 
the schools, and each received one treatment for a period of nine weeks 
(with 30 to 40 minutes of instruction per day). Three different teadhers 
were involved, and each \ ad a teacher aide. The criterion test was an ' 
investigator-constructed multiplication usage test including 20 missing- 
factor problems and ten word problems involving multiplication. The first 
^hd thiid treatments (involving manipulative materials) were superior to 
the second treatment (involving only pictorial representation) at the- .05 
leverl of significance. 

In contrast, Trask (1973) was not able to show any advantage for the 
.use of ^manipulative materials in teaching multiplication at grade 3. He 

I ' 

was cencerned about keeping treatment times yequal over the 12-week period 

I 

of the study, and because the non-manipulative treatment group was proceed- 
ing at a faster pace, he provided each pi^pil in that group winh a set of 
flashcards. The manipulative treatment group did not receive similar 
drill and practice. Trask followed the textbook closely wjth both treat- . 
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ment groups* He used the .manipulative materials to illustrate textbook 

situations, and in so doing used concrete devices as representations of 

other concrete devices. Thus ^'pebbles were used to represent keys, pennies, 

or shoes; pq^^n a pegboard often represented fruit trees or basketball 

players" (pp* 32-33). This concrete representation of a thought-image 

seems to be a more abstract way to use manipulatives, and clearly sets 

Trask's study apart from Nichols' or Punn's. Whether Trask's different 

finiiings are due to this distinction or to the different emphasis on 

drill and practice^can only be a matter of sheer speculatiorT. " 

What then can one conclude from these studies? In the course of this 

discussion, we have probably raised many questions in the reader's mind 

about the credibility of their findings. The reader is urged to.be aware 

that questions can be raised about (almost) every single study ever done, 

when one delves into them to a greater or lesser degree. Yet we can also 

learn something from (almost) every single study ever done. ^ We have in 
this review by and large attempted to stand back in order to glimpse the 
meaning of the pictare, rather than staring at the dots. The look at the 
dots of these four studies was done to illustrate the point (in Vase- the 
reader waa unaware!) that research is a very complicated process . ^^Everv 
single detail has potential implications, from the choice of material to 
the choice of test. These researchers passed a first test of their own, 
however: they studied important questions. They raised other questions that 
future research should clarify. 

Attitudes: The Forlorn Variable 

Up to this point we have focused on studies which considered how 
well students achieve when manipulative materials are used. Now let us 
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consider ^(briefly) the relatively few studies in which attitudes have 
of concern. Table 1'5 includes nine studies in which attitudes wer 

i • , 

assessed* Because <^f the varied comparisons, a firm conclusion seems to 
use to be unwarranted. At most we note that the use of manipulative 



ma 



T 

terials and plcto'rial aids may be better than the use of symbols (or no 



i 



materials) in prom9ting more positive attitudes. 



Analyses of research which have attempted to discern the relationship 
betx^een attitude ^d achievement have indicated that at best the .correlation 

is positive •but low (Suydam and Weaver, 1975). Nevertheless, thete is a 

i 

popular belief chat a stronger relationship between the two exists; it has 
been suggested that perhaps the instruments and scales used for measuring 
attitudes are not as effective as we had oncfe assumed them to be. This 



comment should 



be kept in mind as the findings on the table are noted. 



Summary of Research on Materials 



What can vie conclude about the use of manipulative materials? Embedded 
one by one in theeprevious sections are these points: 

Manipulative Materials: Yes or No? Does the use of manipulative ma-^ 



terials help student achievement in mathematics? in almost half (11/23) 

of the consider,ed studies (see Table 2), use of manipulative materials was 

\ 

favqred; that »i's, students having instruction in which manipulative material 

1 

were used scored significantly higher on achievement tests than students 
who had instruction in which manipulative materials were not used. In 10 
additional studies, no significant differences were found; that is, ^he 

group using manipulative materials and the group not using manipulative 

I 

materials score^ much the same. Therefore, in a simple manipulative vs. 

i 

non-manipulative! comparison, non-manipulative lessons cannot be expected 
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TABLE 15 



RESULTS OF STUDIES OF ATTITUDE 

/ 



Author 1 


Date 


Findings . ' 


Anderson / 

/ 


1958 , 


NSD between multisensory aids or none 


Babb* / 


1976 


manipulative non-manipulative 


Bohan j 


1971 


paper-folding group y abstract 


Green, G.| 


1970 


diagrams favored more than materials 


Harshman 


1962 


NSD between three types of material * . 


Knaupp 
Nichols 


1971, 
1972 
* 1972 


NSD between use of Dienes blocks or sticks 
manipulative^ non-manipu3ative 


PUnn . 


1974 


concrete-symbolic sequence ^ concrete-pictorial 
symbolic*^ pictorial-symbolic 


Scott/Neuf eia 


1976 


manipulative and ^^ctorial^ abstract 



1 



1 
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to produce superior achievement. Lessons usinC^nipul&ive materials 
have a higher probability of producing greater mathematics achievement than 

do non-manipulative lessons. 

Concrete, Pictorial, and Symbolic Sequences: \^ich? l^ea ? Does the 

sequence 6f use from concrete to abstract make a difference? Symbolic 

treatments are at a disadvantage' when used alone (see Table 3); only 3 of 

28 findings favored tho. use of symbols alone. So are pictorial treatments 

at a disadvantage, as the fact that only one study favored them suggests. 

In 7 instances use of concrete manipulatiye materials was favored over 

sequences ^ a which manipulative materials were not used. In 9 instances, 

use of manipulative materials and pictorial representations resulted In 

. ■ / • / 

higher achievement than use of symbols alone. Pictures and diagrams can 

/ 

be important in designing mathematics lessons, especially when used in 
conjunction with manipulative materials. In 8 instances, no significant 
differences were found; that is, all treatments resulted ia equivalent 
achievement* ^ 

Do different sequences of concrete, pictorial, and symbolic treatments 
produce differential effects on achievement? The evidence of three studies 
shows: 

(1) concrete-symbolic ^ pictorial-symbolic or symbolic 

(2) concrete-symbolic^ concr ^te-pictoria^L-symbolic ^ pictorial-symbolic 

(3) concrete-piG^orial l^SD pictorial-symbolic 
Thus again the concrete stage appears t/ have an important role. 

Embodiments: One or Many ? Do the nomber of different physical embodi- 
ments or representations of the mathematicaI<£oncept make a difference? 
Research in which the number of embodiments for a matheniatiLal idea has 
been the focus has resulted in no significant differences in achievement 
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in -3 of 4 studies (see pager> 25-28). It mnv be th^ the reflective and 
retroactive thirxking required is too difficult at tlic age levels tested- 
It may be that the teaching did not clearly focus children's attention on 
the idea behind the use* of varipus embodiments. On tlie other, hand, it 
may be that it really doesn't make any diff:irpnce how many^.emb-Odiments 
are used, providing the teaching, whether on one or many, is. effective. 

Tims, a program should u^t be selecte<;^unlv because it uses iijultlple 
. embodiments for each or many pMthematical ideas. Varying embodiments 
may aid cliildren in making mathematical Applications, but no studies 
have measured thl^ specific achievement. 

Wio Siiall Manipulalrej ^^.. Does it make a difference whether the student 
handles materials or only watches the teacher demonstrate with materials? 
As might be expected on the basis of evidence from Tables 1 and 2, 53tuacnt 
manipulation was favored — but only in 3 of 8 studies. In 4 others, no 
significant differences were found* This is somewhat surprising to many. 
It appears that individual manipulation by the learner is not the onlv way 
children learn: it cnn be as esffective to watch tiie teacher demonstrate. 
The only study^ favoring teacher demonstration was one in which the teacher 
strongly focused learners' attention, asking thenl to "thin.j. along" in 
vicarious participation. More research is needed in this'aren before a 
conclusion can be drawn firmly. For the present, it appears that effec- 
tive lessons can be designed even if^ monetary or space factors ^^^reclude 
th( use of materials di*-ectly by children though this should not be 
taken to mean that aj 1 teaching/ learning sliould proceed without tlie use 
of materials (see previous sections of this summary!). 

Type and Age of Learner . Do age or other characteristics of the 
learner affect the outcome of .treatments 'involving materials? In j>radii<^ 
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1 and 



2, 7 studies favored the use of materials over abstract modes, with 
« 

no significant differences in 3 cases (see Table 5), and only 2 instances 
in w^ich the concrete mode was less effective than a pictorial or a symboli.c 
treatment. In grades 3 and 4, 5, studies favored the use of materials, ana 
in 4 other reports the use of concrete and pictorial modes was favored. 
Three studies reported no significant difference, while one study favored 
an abstract treatment (see Table 6). In grades 5 and 6, three studies 
favored the use of concrete materials, two favored either concrete or 
abstract treatments, with no significant differences characterising three 
others (see Table 7). In ^grades 7 and 8, two studies favored the use of • 
materials, two reported no significant differences, and one favored ^n 
abstract approach. - / * . 

Thus, across a variety of mathematical tbpics, studies at every grade ^ 
level support the importam^e of the use of ' manipulative materials. 
Additional studies support the use of both materials and pictures. We can 
* find little conclusive evidence that manipulative materials are effective 
only at lower grade levels. The use of an activity approach involving 
jnanipulative materials appears to be of importance for all levels of the , 
elementary school. ^ ' ' 

' The use of materials appears to De as effective at one achievement 
j , level as at another — that is, high achievers profit from the'use of 

materials as .much as low achievers do, at least below grnde 6. Cne study 
indicates that using materials in grade 7 was particularly effective for : 
low achievers- (For evidence on this and the following studies, see pages 

30-32.) ■ * - 

The use of materials appears to be as effective at one ability (IQ) 
levaa/as at another — that is, those of 'high ability DroEit ffom the use 

; - - - ■ 

6, • 
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of materials as much as those of low ability do. One caution, however, is 
that low-abillty'^students must be able to see the reason for .using the 
niafcerials and understand how" they* are to be usi*d ~ but that' caution is 
true for children at all other ability levels, too! ' 

' Although data are sparse, the use of materials appears to be, at 
least as effective at one socioeconomic level as at another — "'providing 
the materials are not Cuisenaire rods! (Two sf lies with these indicated > 
that achievement increased as socioeconomic level increased. \Jhy this^ 
might be a factor found with the, use of the rods is unclear.) There is 
some indication — 'a-TfehdT^fher than a 'significant difference — that 

^/children from low socioeconomic levels find m,anipulative materials par- 
ticularly helpful. 

Special programs fo.r children from low sdcioeconcmic levels — or 
of low abili^ -7 or low in achie'^ement — are. frequently reported to - 
be sufedesl^fu^. (So are special programs for those from high- or middle- 
level pupils!), When someone takes care to consicier the needs of a par- 
ticular group of children, they respond — generally favorably! The' 
program may be "exportable" — providing there are those in another com- 
munity- who will shape it to fit the needs of their children. One of the 
joys in reading project reports is that sometimes the enthusiasm is 
transmitted. One of the despairs is the lack of specific information in 
so many, so that one cannot try put the idea elsewhere. (Just as research*^ 
should be replicated, so should effective projects!). 

Mathematics Content . Do some manipulative treatments work better for 
some mathematics concepts or content than for others? l^ile no firm/ - 
conclusion can be drawn for studies on numeration (see Table 9) or 
geometry (see Table 13), studies on .the other topics (see Tables 10, 11, 



12 and 14 for addition-subtraction, multiplication, fractions, -and 
-probLem solving) are generally positive toward the use of manipulative ^ 

^matdrials. ^ ' , 

Attitudes: The Forlorn Variable . Because' of "the paucity of evidence 
(considering how rarely attitude was assessed in relation to the total 

.number of studies), a ^irm Conclusion on how children Like mathematics or 
like: using materials is unwarranted. At most, we can note that, the ^use 
of manipulative materials and pictorial aids may be better than the use 
of symbols (or no materials) in promoting more positive -attitudes. * 

Note: ' We had originally hoped that we could make some conclusions 

about types of materials which seem particularly effective. A x^ide . ^ 

variety of materials — egg cartons, bottle caps, markers, geoboards, etc. • 

were used in these studies.- Except for one study reporting that inexpensivi 

materials were as effective as expensive one's, we were unable to find any ; 

* ' * / 

more specific trjsads. 
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IV. Research on Activity Programs anti Modes of Instruction 



TRIG 



In the introduction to this review, activity programs and ^activities 

embedded in a mode of inst^ction .were discussed. The key poinF'empha- 

/ 

sized was that programs termed *Iactivity-based" vary widely • Given that • 
as a problem in reviewing studies > we have nev^theless grouped in this 
chapter research (and, in some cases, field-study evidence) under several 
topics • Various activity-oriented programs are discussed first, leading in- 
to a discussion of studies on games. Then current developmental projects 
are discussed, followed by discussion of research on programs based on the 
use of Cuisenaire rods. Finally, the focus is on the mathematics laboratory. 
It should be noted^ that; in laany specific studies there is no clear distinc- 
tion between activity-oriented programs and laboratories: what one re- 
searcher labels a "mathematics laboratory" another identifies as "activity- 
oriented instruction". We have separated them in terms of the label the 

researcher used, but recognize- that the findings cannot be considered 

< 

discretely. . * , 

Activity-Oriented Programs 

• During the 1930s and 1940s, many studies were conducted to evaluate 
the effect of then-current activity programs (e.g., Harap and. Barrett, 
193V; Harap and Mapes, 1934, 1936; Harding and Bryant, 1944; Hopkins, 1933; 
Jersild, 1939; Passehl, 1949; Wrightstone, 1944). Inmost of these- studies, 
the efficacy of the activity program in question was supported. But the 
educational scene changed, and the social utility emphasis which had spawned 
many of these programs waned. It was not until the early 1960s that the 
terra activity program again assumed popularity, as such experimental programs . 
as the Madi'son Project and the Nuffield Project (the latter an English 
project) began to have an impact. The National,Def ense Education Act pro- 



-vided the%eeded money for schools to spend on materials; research and 
development dollars were made available for the development of materials; 
sudden awareness of Piaget and his theory of developmental^ stages wa^ 
attained: these and other forces interacted to strengthen once again our 
belief that children can learn most effectively through being involved in 
the learning process. 

During the past 10 to 12 years many researchers have investigated 
the effect of activity-oriented programs and units. Table 16 contains a 
list of 21 such studies. (None of these studies has been included on 
previous tables; although many involved the use of manipulative materials, 
the effect of those materials can rarely be determined apart from their 
interaction with a variety of other instructional laaterials, devices, and 
activities.) About half report achievement differences favoring the use 
of activities; while the other half report no significant differences. 
The variance in focus is wide; undoubtedly (as in other research) an 
experimenter-bias effect or a halo effect has crept in; yet the fact 

.jremajae^'^at , despite questions about quality, the evidence indicates that 
students using activity-oriented programs or units can be expected to 
achieve as well as or better than students using programs not emphasizing 
activities. 

The evidence on attitudes is not clear^ largely because so few re- 
searchers considered it. Whether the belief that children favor the use 
of activities can be substantiated is a moot question (see also Table 20 
citing research on mathematics laboratories for additional findings on 
the attitude question). lu the survey reported by Thomas (1975), students 
indicated a preference for activities like games, IJuFVere less positive 
about manipulative materials. V- \ 
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Author 



Date 



Activity-Cen- 197-3 
tered Program ^ 



Beal 



Becklund 



Castaneda 



1973 



1969 



1968 



Dunlap et al. 1971 
\ 



Ebeid 



Fitzgerald 



Hall 



Hankins 



( ft 



1964 



1965 



1967 



1969 



^ TABLE 16 

STUDIES ON ACTiyiTY-ORIENTED PROGRAMS /UNITS 



Grade. 
Ieve3» 

elem.. 



7-9, 

12 



3-5 



7, 8 



7,8 



4,5 



30 c 



m c 



J 



12- s 



Focus 

school-developed 
program 

NCTM materials 
(low achievers)' 



activities vs. * 
regular program 
(geometry) 

activities with 

Mexican-American 

disadvantaged 

learning and 
behavior problems 
(remediation) 

SMSG texts with 
or .without self- 
selection 

self-selection 



summer camp pro- 
gram; concept 
method 



disadvantaged 



Achievement 
acceptable 

activities^ 
non-NC™ text 
on various units 

differences for 
each on some 
measures 

activities 

t estfeWofcv ( ga in 

scores) \ 

manipulative 
aids ^ paper- 
and-pencil • 

NdD 



Attitude 



I 



NSD 



NSD below 115 IQ, 
regular better 
above 115 IQ 

grade 5^ grade 4 positive attitudes 
in both groupsr 



multi-faceted 
program better 



73 



TABLE 16 (Continued)* 



Author 



/Grade 
Date , level 



Johnson, Randall 1971v 



Jones 



Koch 
Lerch * 

Macy 

Matthews 

Moody ,et al. 
Polz 



Snyder 



Stanford 



Tobin 



Unkel 



74 



\ 

1971, , ages 

1972 7-11 

1973 • 
1972 ^ k 



1957 
1974 

1971 
'1975 

1967 

1970 

1974 



ages 
7-10 

7,8 



ages 
•6-12 



I97ll elem. 



n 

160 p 
6 p 



Focus 



2 c 
'56 p 



48 p 



29 p 



.Achievement 



activity units • • NSD 



emotionally 
disturbed 

varied program 

activities oil' 
; number, Concepts " 

/Varied program, / 
alternated, groups? 



improveid with 
activities 

NSD 

activities^ 
control 



NSD / 

/ 



Attitude 



improved wi 
^ctivit;Lcs 

- / 



7-9 42, c ' jNCTM materials' ' somfe signllflT^nt 



increases 



activity vs.. rote 



learning disabled 



self-selection 



games, problems , 
self-selection 

mentailjr retairde^d 




but 



/ 



NSD qn cothpetencics 

N^D 
/ 



NSD (gains greate|' 
for self-selex:tko)i) 

significant incfxease 

P 

NSD, 6-9, years/; 
ma ter ials ^ nbn-- 
materials, 9f-32 ^ears. 



tutioring under-j ; significant gaim 



achievers 





- 'A^Note on Research on Games 

The research explicitly on the use of games has f ocu&eJ on relatively 
few games, with "Equations" used most frequently (see Table 17). Played at 
the seventh- and eighth-grade levels, "Equations" appears to result in 
better attitudes (Allen and Ross, 1974a; DeVries and Edwards, 1972, 1973; 
Edwards and DeVries, 1972, 1974), better reasoning (Allen and Main, 1^*73; 
Edwards et' al., 1972),. better computation XAllen and Ross (1974b), and bet- 
ter social interaction (DeVries and Edwards, 1974). In only one instance 
(Henry> 1974) were findings of no significant difference noted between 
game and non-game users. ^ 

Another logic game, WFF^J} PROOF, -was used in two studies. Bowen (197'(» 
reported greatc^r increases in logic scores in comparison with textbook 
instruction. Wolff (1970) found that first and second p'^raders using an 
adapted version did not react well to the cooperative game format unless 

they were allowed to move at their own pace. With "Equations" at upper 

t> 

levels, te.jn competition and reward were favored (Edwards and DeVries, 1972: 
Hulten, 1974), though Ptcis (l^^/i) reported better achievement when the 
game was played cooperatively rather than competitively. 

In two studies involving a number of games, positive results were 
reported with kindergarteners and first graders (Wynroth, 1970) and with 
mentally retarded children aged 4 to 10 (Ross, 1970). A card game was 
effective for aiding in leaning factorization (Karlin, 1972), while a 
division game was not as effective as anticipated (Fishell, 1972). 

So what have we learned? Certain games can be used to promote spevTlfic 
learning outcomes. Students like to play games ./^^W-der students like to 
play competitively. The "Equations" game may be us^d^a'^^a^ \^ehix^re for 



/ I) 



Author 
» Al-Ien/Main 
Allen/Ross 
Allen/ Ross 

Bowen 

. DeVries/Edwards 

DeVries/Edwards 
Ed war d s /D eV r Le ? 



Date 



1970 

1972, 
1973 

1974 
1972 



Grade 

level 



1973 7,8 
1974a 7,8 
1974b 3 



4-6 

7 



29 p 

10 c 
237 p 

3 c 

liO V 



TABLE 17 

STUDIES ON GAMES 

/ 

Game 

Equations 
Equat ions 
Equations 

WFF^N PROOF 
Eo nations 



117 I) 



Equations 
Equations 



Edwards/DeVries 1974 7 128 p Equations 

Edwards et ai. - 1972 7 96 p Equations ^ 



Fishell 
Freitag 

Henry 
Uulu an 
Karlin 
Pari^ 



1975 
1974 
1974 



1972 



1971 



5 
6 
7 
7 



8 c 

A P 

63 p 

9 c 

182 r 

8 c 

240 p 

8 c 



trading game 
(division) 

function game 
Bingo 

Equations' 
TacTickJe 

Tuf 



card game 
(factoring) 



302 p Equations 



Finding 

game — ^better use of logical reasoning 

game — ^better attitudes 

game — ^ bWter computation - '^ 

game y textbpok ror logic gain scores 

game --^more peer tutoring, positive 
affective reactions 

game — reduced race and sex barriers 

game — better a'ttitudes; team reward\ 
individual reward 

gamo — ^ positive attitudes 

game ^ conventional instruction for 
computation, divergent 5-.olutions 

NSD 

case study: descriptive 
NSD 

team competition ^individual competition 

game ^ textbook (factor trees) in learn- 
ing theorem 

coooeration (teams) competition; 
NSD in attitude 



TABLE 17 .(Continued) 



Author 
Ross 

Wolff 

Wynroth 



Date 
1970 

1970 

1970 



Grade 
level 



n 



ages 
4-10 (MRs) 

1,2 
k,l 



66 p 



Game 

"program of 
games" 

WFF'r. PROOF 
On-Sets 

25 "competitive 
games" 



Finding 

games y special class 

preference for .games declined; fixed pace, 
NSD; own pace, cooperation *^ competition 

game ^ conventional instruction 



I 
I 



7y 



0 



research* The research appears to focus on justlrymg the inclusion of 
conunerclBl games in the curriculum* Little attention has focrsed on 
'f^itnes for most basic topics* Taken as a whole, this set of studies is . 
disappointing. Not yet explored are such questions as what make^ a game 
effective and for whom and when are gkmes effective* 
DMP and Other Programs 

Several large-scale developmental projects are currently underway,- 
producing new curriculum materials* One that incorporates a^Tjelief that 
the use of activities and materials is essential to learning is the Develop- 
ing Mathematical Processes project of the Wisconsin Research and Development 
Center for Cognitive Learning. DMP is based on a measurement approach<^tc 
elementary-school mathemavics, rather than a counting approach* As the 
developers noted, "If you're basing a program on me:;surement, cthe child 
must do things." Other strong purposes of i)MP are to teach children to 
solve problems and to teach them to work together, interacting about 
mathematics- 

While the theories of Piaget, Bruner, and Gagne can bo cited^to support 
the developmental work of the curriculum project, the actual approach is f^r 
more pragmatic. Previous research was done with a different curriculum, so 
the findings are not all useful, noted one DMP-developer * The manipulative 
and other paterials used in the program have been evaluated in terms of 
their usefulness in developing. several concepts (that is, their -variability) 
on their cost, safety, and durability; on the way children react — as 
well as whether they lend themselves to the mathematics to be taught I 

DMP has had research associated with various factors (e,g., questions 
of sequence or of alternative algoi'ithms) related to its development, but 
few summative evaluaticn' studies have thus far been conducted or, per- 



Si 



haps, not only conducted but also published in some form. This^ is .not ^ 
surpfcising, since at the time of this writing, the sixth-grade program 
was still being developed! Various /external field tests (e..g,. , Hubbard 

" -r- /!;• 

and Buchanan, 1972; Schall et al., 19;7i», 1975) indicate thau pupils in 
the primary grades achieve successfully with DMP^.^ Teachers have reported 
that they have had some dif f iculty ^in adjust4.ng to nhe program, but^ . 
their reactions to it are favorable. (Perhaps the strong in-servi'-e struc- 
ture of workshops which are associated with adoption of the progi-im aid 
in*promoting their positive attitudes.) 

Other ' programs involving- activities are listeti on Table 18. Two 
(Clausen,* 1972; Pluimner, 1972)' studied a Montcssori program. This pro-; 
gram Involve*? r. hig. » st:::uctured approach to the use of sequential ma-^ 
teriais, developed by Maria Montessori. The manner and the sequence in 
which materials are to b'e used are precisely specified. Clausen r^^^orted 
significant differences favoring the use of the program with children in 
kindergarten and grade 1. (It should be noted that there 'are many varia- 
tions of Montessori programs; not all use the materials, or use them in 
the specified way.) " ' . 

^-Jhile many other investigations of the varied activity programs being 
used in this country have been conducted, most of these have not^been 
included in our final set of studies. In a great number of i'ns* trances, the 
effeot of the activities simply could not be determined, because of the 
confounding variables. In. others, no data were provided in the ceporcs. ^ 
, Cuisenaire Program ^? 

Much research has been focused on the use of Cuisenaire ma'^erials 
and the Cuisenaire program, in attempts to answer the question, "How effec- 
tive is it'*. The Cuisenair^e* rods have been used as a material in some 
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TABLE 18 

STUDIES ON OTHER ACTIVITY PliOGRAMS . * ' - 




r^-^iji^'../^ . 






Author ^ 


Date\-' 


Prpgr^m 


Grade 
lev^i 


< 

n Result ' ' - 




-s - , . • '* 




• 


Abernatha/Wiie's 




DMP . ' ' 


ages 

'7-12 

(EMRs) 


10 p appropriate and 'effective for mentally 
retarded children 




■» ' ' * 






' , Adamson ^ 


1976 


Distar 


1 


Distar > DM? • 






- 




Clausen- ' ^ , - . 


19-72 


Montessori 


k,l - 


8 c •, Montessori^ worlcsheet/text approach 
177 p- • 


* 








Cpltharp 

< 


1969 • . 


GCSMP , 

"abstract" 


6 


79 p and abstract approach 


- 








Frary \ ' ' 


1967 ' 




elem. . 


: "meeting most of its goals" 




i - ' ' '* 

;a ? . -J. 






r^^' Hubbard/ 
* , Buchapan / 

Krairajan^nan 


19"71 
1974' 


DMP 

i 

USMES 


2 

elem." 


8 s NSD between DMP or conventional progranls^ , 
(but mastery level of 81% found 
with DMP) , 

"effective" \ . : 


I ^ ; 

% 






. • ^ 


Lucas ' ' ' 


1967 


GCMP, 
• attribute 
blocks 


1 


8 c some differences favoring each ^t*- 




t ' ' ' * 






^luiamer 


.1972 - 


Montessori 




109 ,p NSb Detween Montessori 'and non-rMontessori 
• • "encouraging, results" 










Schail -et al , 


1974 s- 


• DMP 


1 


V 




• 




"chall er a3r. 

• 


1975- 


Db5> 


k-3 


no significant gains found, but- program > 
rated :6avorably by teachers/ parent's, 
and pupils 


1 








D^^P = Developing Mathematical Processes / . » ' i - 
GCMP == Greater Cleveland Mathematics, Program. ' * ^ ^ ^ 

IMS = Individualized Mathematics System ^ ' ' ' • . * 
p'; USMES ~ Unified Science and Mathematics in the Elementary School ' 

<^ ' ' ' . 

• • ... .. : . V . 





studies (e.g,, Fennema, 1970, 1972). Here we focus a their use with 

the Cuisenaire program, which is based on use of the jrods in specifically 

defined wayi5. The rods are 

all equal in cross dimension. [1 cm] but differing in 
length and color. rThe rod? are /Calibrated in length 
to represent ^he [yiumbers] 1 to 10 and are identified 
at first only by color. -Thus* the rod^fcr five is 
called, not the five rod , but the yellow rod . Stress' 
is put on the discovery of relationships rather than 
on early mastery of th'e number combinations and early 
gfoficiency in computation. [Brownell, 1968. p. 153J 

Table 19 indicates the general variance across these studies. Crow- 
der (1966) reported that a group of first graders 'using the Cuisenaire 
program. (1) learned iiior^ conventional subject matter and more mathemati- 
cal concepts and skills than pupils taught by a conv»intional progrnm; 
(2) average and above average pupils profited most from the C-uise.^aire 
program; and (3) socioeconomic status was a significant factor in rela- 
tion to achievement with the rods. 

The first finding is reflected in several other studies (Mollis, 
1965a, 1965b; Nasca, 1966; Use of Coloured Rods . . ., 1964). Children 
learned traditional subject matter with the Cuisenaire program as well 
.as they did with the conventional method, while they acquired additional 
concepts and skills through the Cuisenaire program beyond the ones taught 
in the conventional program. 

Brownell (1966a, 1966b, 1968) used tests and extensive interviews in 
an analysis of the effect on und^srlying though processes of three mathe- 
matics programs, with British children who had studied those programs for 
three years. He concluded that (1) in Scotland, the Cuisenaire program wa 
in general much more effective than the conventional program in developing 
meaningful mathematical- abstractions ; and (2) in England, the conventional 
program had the highest over-all ranking for effectiveness in promoting 



TABLE 19 



STUDIES ON THE CUISENAIRE PROGRAM 



Author 
Brox^ell 



Callahan/ 
Jacobson 

r 

Crow.^er 

n > 
Dairy 



Date . 

1963, 
1967, 
1968 



1967 

1966 
1969 



Grade 
level 

age 7 



1406 



ages 
7-10 



k-2 



Fedon 
Hajmes 

Hollis 

Holiis 
Lucow 

Nasca 
Passy, 
Williams 



1967 



1964 



1965a 

1965b 

1963, 
1964 
'1966 



1963a, 
1963b, 
1964 

1972 



1 

3 



1,2 

3 



elem. 



Use of Coloured 
Rods . . . 



1964 



2,2 



1 c 

I 425 p 
\9 p 



Davios/Williams 1972 afH-^^i 36 cr- 



2 c 
26 p 

5 c 
106 p 

12 c 

9 c 
12 c. 

. 2 c 



1800 p" 



Result 

Cuisenaire ^ conventional 
(.Scottish schools); 
j conventional ^ Cuisenaire, 
Cuisenaire = Dienes 
(English sciiools) 

*Cuisenaire helpful for 
mentally retarded 

Cuisenaire conventional 

Cuisenaire in kindergarten^ 
conventional 

multlniodel 
NSD, Cuisenaire/ec^ectic 

NSD 5 Cuisenaire/ conventional 

Cuisenuire ^ conventional 

on "modern'* test; 
NSD on traditional test 

C^isen^lre y conventional 

Cu: enaire'^ conventional - 
on Cuisenaire content; 
NSD on traditional content 

convenclojial ^ Cuisenaire 



5-8 s 



conventional Cuisenaire 
(first year) ; also 
Cuisenaire ^ Dienes 

Cuisenaire ) conventional 
(second yea*-); 
Cuiser\aire = Dienes . 

Cuisenaire ^ con\ antiona] 
on Cuisenaire content 
NSD on' traditional content 



conceptual maturity, with the Dienes and Cuisenairer programs ranked about 
equal to each other. Brownell inferred that the quality of teaching was 
decisive in djetermining the relative ef fectiveness^f the programs. 

Other studies have been concerned. with, the effect of use of the Cui- 
senaire program on a particular topic, for shorter periods of time. Lucow 
(1964) and Hayncs '(1964) studied use of the program to teach multiplication 
and division concepts for six weeks in thircl grade. Lucow attempted to , 
control the effect of prior work ir grades'^ and 2. He concluded that the 
Cuisenaire method was as effective as regular instruction in general, and 
seemed to operate betCer in a rural setting, especially with those of high 
and middle IQ, than'^l^TarTurban^'Se'ttlng^- Haynes^sed pupils who~wex^e—un=__ 
familiar with the materials; no significant differences in achievement were 
found between pupils who used the Cuisenaire program and those who did not. 

One may note from Table 19 that, of 7 studies at the first- and 
second-grade levels, all bait one favor the Cuisenaire program (although 
more often on special content^^^t^ts than on^'^raditional tests). How- 
ever, the studies ^t grade 3 do. not continue this trend: one favora ^' 
the Cuisenaire program, one favors^ a traditional program, and one report^ 
no significant difference. Perhaps the Cuisenaire approach is more 
effective in grades 1 and 2,. with its effectiveness dissipating during 
grade 3. The- earlier discussion of the difiiculties of using Cuisenaire 
rods for multiplication (see pages 49-52) would certainly be consistent 
with such a conjecture. ^ ^ * 

Mathematics Laboratories 

The mathematics laboratory is one type of ac.r.ivity-based apprpach, and 
is the mode of instruction used more frequently to promote the goals of 
activity-based learning. It must be clearly recalled that the term '*labctr-- 
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tory" is used to denote a wide variety of procedures: some of the studies 
cited on Table 16 (activity-oriented studies) might well have been tagged 
as mathematics laboratories. In LotK cases, concrete materiafe plus a 
variety of other activities are used. Tables 20 and 21 list studies or 
approaches which the researchers themselves identified a -5 mathematics labo- 
ratories . 

On Table 20 are 13, studies in which a laboratory approach" was ' compared w 
with a non-laboratory approach. Although the content varies, it seems 
evident that at least equivalent achievement can- be expected raathe- * 

matics laboratories are used, while the attitudes of i>tudents usiag labo- , 
ratories we're comparable to the attitudes of students not usin^ laboratories. 

/ 

The tan~r~FTia?'7? t ' ^,! i T^ v; b! me irt^-j^--e^ii4vajlr^iU^x^xicu^ though time : ^as taken 



from regular instruction; that is, students who w„re exposed to 
different convent in the mathematics laboratory achieved as ^^ill on regular 
content as students who continued to study regular content; Ropes (1973) 
and Vance and Kieren (1972) note this specifically. The finding of no 
significant difference in attitudes is somewhat surprising to many, fo-r 
it *is g-nerallv believed that more positive attituaeo are proinotea by labc- 
ratory experiences. Whe^ one considers tnat sometime.s oi^ly onci lesson a 
week (or only part of a lesson) is spent in a laboratory sitaar- on, the 
finding may not be as obscure. Little note is taken of individual 
reactions — whether a child works well in a laboratory sotting ir 
whether some might feel more ''comfortable" in a setting uhere limits are 
controlled and where expectations are fully knovm has not been detailed 
by researcher*;. 

Table 21 lists studies in which laboratory appro \ches were used, but 
there was nb comparison wirh a non- laboratory a|>oroacli. in .nf^^ 
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TABLE 20- 




Dunlap 



Hollis 



McLeod 



•Nov7ak 



Date 



1971 



1971 



1972 



/ 



STUDIES COMPARING MATHEMATICS LABORATORIES 

with'non-laborXtory instruction • • 



Grade 
level 

7,8. 



4-6 



n - 



28 



147 p 
24 c 
24 s 



Focus 

lab vs. conven- 
tional in inner- 
city^special 
school ^ 

lab vs. textbook 



230 p 
2 s 



lab vs . non-lab 



1^71 2,4 '550 p - lab vs. teacher 

demonstration vs. 
no instruction 
pn probability 

1972 4-6 lab vs. non-lab 



Achievement 

conventional had 
significant 

increase, but 

NSD on common •> 

items 

NSD on standar- 
dized test; on 
non-standardized 
test of concepts, 
lab better; on 
computation, 
textbook better 



NSD^:between NSD in one school 5 

pupils; differ- lab favored' in 
erices significant other 
-bet^ween-seheels^ 



Attitude • 

significant 
difference 
on some items 



NSD, but lab 
better in more 
schools 



NSD 



laD better in 
grades 5, 6; con- 
';entional better 
in grade 4 



I 

I 



Ropps 



1973 



2,6 



88 p 



lab vs. non-lab 



NSD 



NSD 



ERLC 



89 



9U 



TABLE 20 (Continued) 



Author 



Schippert 



Date 



19&5 



Grade 
level 



4 c 



rocus 

SMSG texts 
with student 
manipulation 
models or 
abstract approach 
in inner-city 
schools 



Silbaugh 



\ 1972 



36 c lab vs. non-lab 
vs. non-lab in 
school (but no 
manipulatdve 
materials in any) 



Simpson 



197A 



87 p lab approach with 
NCTM book vs. 
traditional text 
approach vslaw 
learner^) 



Smith > 



i97/i 



6-3 



233 p 



lab vs. non-lab 



Vance; Ki3 re: 



7.8 



pairs in \ah vp'. 
largG-clas*^?^ di.S7 

lar prograTn^ 



197; 



93 p 



lab vs. indivi- 
dualized instruc- 
tion un;.cs 

/ 



Achievement At:titude 

significant NSD 
skill growth 
favoring lab; 
still favored 
2 yeai"3 later 



1 



lab had favorable 
effect 



significant dif- NSD * ' f 

f er enc es f a vo r ing 
lab on 1 of 6 
units , favoring 
non-lab on 2 units 

t. 

NSD NSD 
(significant correlation* between 
achievement and attitudes for . ' 
lab group) - " / 

V 

NSB5 except strong preference 

lab group better for lab 
^on higher level 
thinking and 
cumulative 
achievement 



lab 
non- 



better 
:-3ab 



than 



Author 



Date 



Grade 
level 



TABLE 20 (Continued) 



n Focus 



Achievement 



Attitude 



Wilkinson, J. 1971 



232 p lab units with 
worksheets and 
, manipulative 
materials vs. 
lab units with 
cassette tapes 
^ vs. couventional 
approach 



NSD 



NSD 



\ 

vO 
I 



93 



94 



J/- 



TABLE 21 



OTHER STUDIES ON .MATHEMATICS LABORATORIES, 



'Author 



Brondej^ 



Gray 



Hicks 



Higgins 



Date 



1973 



1973 



1975 



1969, 
1970 



Grade 
level 

elera. 



elem. 



3 s 



120 p 



Focus 

individualised 
diagnostic units 
on fractions 

field study of 
lab approach 

identifying fac- 
tors related to 
success with 
tnanipulative lab^ 
approach 

study of attitudes 
after instruction 
lab 



Achievement Attittide, 

t 

increased^ but 
students did not 
meet criterion 

contributed to 

improved achievement and attitudes 

no single factor 
identified 



significant dif- 
ference on 6 scales; 
no significant 
relationship 
between attitude 
and achievement 



I 

00 

o 
I 



Howard 



«• v.; so;" 



1.970 



12 p fxeld study of lab achievement and attitSde gains 
(in rural culturally 
-deprived area) . . 

b • • teacher-pupil inter- types of 

acLic' ianer- city behaviors 

schoo>? . identified " 



I-ic«' lure 



19:. 



b c r.<.'6- and oost-lab 
i46 p exoeriences 



effect differed 
among classes 



favorable attitudes 



•J 



fpcu>,:dS'ph making finer distinctions ~ e^g,. Hoggins (1969,, 1970) on 
a^itudes I Kaiser (1974) on teacher-pilpil interactions; and Hicks'" (1975) 

.: _ ' ' j^- ^ ■ " ' - - . - ^ 

on predlctive/'^acto 

-'..*/ \ . " "t 

Several /factors "have been proposeci in attempts to analyze the failure , 

I ' ' ' W - ■ ^ 

,of mathematics laboratories to fare better in research studies. We belieye 
that the. wide Variations in type cf c6ntent\ type, of use, time, and* such 

-'^'^ ' " ' ' A ' ^ ' ' 

variables play a role; in many laboratories i non-standard jconteht has been 
emphasized,, rather than interesting and challenging activities- more 
^relajfed to /the regular program; The laboratory is at times treated as a 
mer.e "fimrtime!^ rathe^ integral part of the :program» • There' 

seeins little reasbti to us why laboratories cannot be aimed at promoting 
.iboth curricular^ and motivational goals* ■ ; 

; • . ' - . : 

Summary /of Research on . Ac tiyityi Programs /Modes 

•What xian we conclude about the use of activity programs and strategies?. 
In* the/previ^^ these points have , been made: 

/./ Activity-Oriented- Programs » About half of the studies reported 
. achieyemerit diff^^nces favoring the use 9f activities, while the othex 

iialf reported no significant differences • Despite questions about quality, 

...... ^ . " ^ ■ "* ^ ^ ' \ 

the evidence (see Table 16) indicates that students using activity-oriented 
zprbgrams or units can be expected to achieve as well or better than students 
'using programs not emphasizing activities. The evidence. on attitudes about\ 
mathematics is again unclear ^ ■ — ^ 

Gamesy Certain games can be used to promote specific learning out— 

comes • Children like to play games Older students like to play competi-- 

■ ^ 

tively* The "Equations" game may be used as a vehicle for research (see 
Table^.l7) . But research has not yet clearly focused on the ,ef f ectiveness 



of i^ames .f or teaching b.as^c eleicentafyrrschod.l mathematics topics* 
. DMP and Other Programs *. Field-^test data" indicate that pupils in the 

.primary grades achieve successfully with the Ceveloping Mathematical Pro- 

■ ' » ♦ ' • - \ 

cesses program (DMP). Becaus^e the use of materials and activities is so 

. . • ' " • > ' . ^' ' " . - - 

Integrated in the program^, it is -not possible to separate the- effect of 

them- from the effect of the measurement approach, sequence differences, 

and^,a host'of other factors* / « 

" ^ ; I f . ' ^ . ^ • ; 

, rj^ The. same problem, exists with other programs: there are simply top, 
^ many confounding variabl^^ ' . - ' . * . 

iCiiisenaire- Program * Use of the Cuisenai? i program has been, found to ^ . 
be more effective than use of a conven-tional program i( that is, one in * 
which the Cuisenaixe rods were not used), in about half the studies cited 
' Csee :Table 19) * Research has focused on its effect in the primary gradesy 
with no discovered attempt to assess its effect beyond third, grade* (Npte: 
' the. Cuisenaife rods have been used in other studies as a^ material*') 

Mathematics Laboratories * Denoting a wide variety of procedures, 
the inathanatics laboratory usually (but not always); ihvplves use of mani- . 
.pulative materials plus a variety of other, activities* At least equiya-^ 



lent achievemeht^caT\ be expected when mathematics labotatpries are used 

(sea Table 20). The attitudes of students using laboratories were cbmpar- 
...able to the attitudes of students not using laboratories; almost all studies. 

reported no significant differences In attitudes* Laboratories may be a 
/ Strategy not. amenable for use by all students or by all teachers* 

Thiis, the evidence provided by Shipp and Deer .(1960), Shuster and 

Pijgge (.1965), and Zahn (1966) that a greater amount (at least 50 per cent) 
. of concentrated developmental conceptual work .ih lessons has a ^strong 

positive effect on achievement and understanding, is strengthened by die 

findings on activity-oriented programs. ; * 



Vi, Corielusiohs impiicatioris.^ -and.:Suegesti6hs^ 



,1 

.Conclusions 



- 1 .^-V^V ^-^ r 



Ij^ concludihg sections for the previous two chapters , ^he evidence 
^\frbm research ,fdcused on the usd' of- manipulative materials and other act! 



1 



vities included in activity-oriented programs- was Summarized. But redundancy 
seems to/be a function of reviews, so the conclusions are succinctly 
- here. In each ^ase, .the^previous summaries shduld be referred to 

as -the source 6£ Jociunentihg evidence ° 

- ■ ;. ' ' - ; . ^ : 

^nlpiilative, Materials:. Yes .or No ? Lessons usiiig manipuiative roaterials- 

__i.^ye' a higher probability of producing greater matheinaticai achievement than 

' 2 ' -'11-- --- ■ ■ ■- ■ ' ^ L'^■ .J ,"^ 'Vl'"" '1" 

vap; ;non-manipulative 1^^ ' . » . 



xs 
of 



Concrete,. Pictorial, and Symbolic Sequences ;^ Which?: l^en ? Symbolic 
treatments are not as .effective as those Iri .which- ma materials 
are used. Use of both manipulative materials ,aad pict9rial representations - 
also^highly ^he inclusion of" the concrete stage in sequences 

instruction ~ that is, leading from- concrete to pictorial to S3rmbolic ~ 
is highly plaus^^^^^ " . , , * - , . - . 

; Embodiments: One gr Mahy ? Research has geneVally indicated that rhere 
i%m6 difference in achievement whetrher one or several embodiments of 
" 'mathematics ideas aire presented. ^ 
J • -Who shall MayLpulate ? _ If appears to be as effective for children to 
wktcjit the teacher demonstrate .with materials as .it is for them:.to use ma- 



^"^'t'eirlals themselves^ particularly if their attention is focuseJd and they 
"think along" with the demdhstration. (However, not all lessons should \ 
proceed without the dse of manipulative materials by students — see above 

,.Gpnclusions! ) . .. . . ' . » • . 



I 



> ERiC 



/ 

7 



■9i) 



V- 



'- Type and. Age. of Learner > The use of t^terials .a'ppeaf s to he effec- 



-cfve lwitK children at ail- .abhievement levels ^ ability levels;, and socio-r ^ 
•economic Te^^ although data are sparse/ Spec-ial programs may,, howev^ri. 
prodiSce -special effects! > r ^ i 

' The use of manipulative materials is of some impostahce for all 7. 

■•. ■ ■. ' ' \"-'\. ' 

>grade/ager levels in the elementary school.. , * . 

- / ^Mathematics .content . The use of materials appears to fee 'effective . 

for additionrsubtraction, multiplication, fractions? arid problem solving, ' 

. , . , ' ^ ' 

^^with no clear conclusion for numeration ..and geometry..^ 

Attitude . Little research includeci ih^^this review assessed the atti- 

tudes o| students in. studies onVmariipulati^^ materfals. The lise of many • 

materials /and pictorial aids may be better than the use of no materials 

in p^pno.t positive attitudes. 

Activity^Oriented Prdferams . Students using activity-oriented programs 

\ ' " . ' ' ' , • • ' N 

or units . can be expected to achieve, as welL or better than students using 

programs not emphasizing activities. Attitudinal -evidence is mnclfear. 

G^ies. Certain. games (like "Equations") can be used tb promote speci- 

fic learning outcomes. Little research has. focused on bas!LC e^ementary- 

sch6c^l":mathematics content'. • ' ^ ... / \ " 

\ — * 'I' • ' . ' , /' \ 

^» DMF and' Other P.rograms . Developing Mathematical Processes (DMP) 

apj)ears^ £o b'e effective in promoting desired achievement. The effect of 

incorporation of manipulative materials arid* activities in this 'and othe 

programs cannot bX precisely' determined. ,' 

■ - ' - M • - ' . .' . 

Guisenaire Program . The Cuisenaire program has-been f ound /.q IJe 



f 



more effective than conventional programs in about hialf the studies cited. 
(It should be noted that the Juisenaire rods have bej^m used in o-t^t^^r studies 




4 . 



as .ai material.) ^ ^ . 

yl' . - - - - . ^ ' r : ^ .4 

• Mathematics Laboratories . At least equivaleat achievement and attitudes 

\ It i • ' If ' ' ^ 

cari be expected when ma the^ laboratories are used*^ 



» Tjhe answer to the question, "Should and how should manipulative 
materials and activities -be. used with children, in compensatory education 
programs?" is' no'differerit from the^ answer for other childreriy Care in 
deciding on how to use them is of' 'importance: the teacher should :at tempt. - 
to. focus, the attention of the- children oh XhjB mathematical .p^urpbse f.or 
^lising thepmaterial or lesson^ This may come through^mpst, clearly when- .the 
lesson proceed^' from a.. p That is^ a situation (o> 

':yerbalvprpblem) is presented; the children mirror the problem, with materials, 
:as they (a) develop a mathematical idea and (b) realize , the appLicabiTity 
of njathematics to. the real world.- J 



Other Reviews 



Thus, far in this review, we have ignored p'thef^'crvn.ews of research. 
Table 22 lists these, along with other ^esariptive- studies on such topics 
as ^historical background ^nd •extentf^of^ use of materials. Of particular 
interest are reviews of research on manipulatfive materials and/or ,oh mathe- 
matics , laboratories developed by Fennema (1972X, Fitzgerald (1972).,. Kiercn 
(1969, 1971), Vance and Kieren (1971)', and Wilkinson (1974). In almost all 
cases-there ^s similarity between their conclusiojj^s.and certain of ours.^ 
For instance, Vance and Kieren (197L) summarize the results of the? seven^ 



^, We did not reread their reviews until after the preceding sections, of 
^ th.^^s^ .report were written! 
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LIST. OF 'REVIEWS ASHD 0THp.^l3!ESqRIPTIVE- STUDIES 



•Reference 



-AdkiM, 1957 
Bernard, 1973 
-Brousseau, 19.73 
cbexterv 197J5 . 
DittmerA:! 
Eidson, 1956 
Fennema'3. i972^/ d 
Tenneina,^ 1973 
Fitzgerald j\ 19/2 

Green, R* W;^ 1970 
'Harvln, 1965' 
Hdlz, 1972 
.Kerr, 1974 ,| 
Kieren, 1969 y 
kieren, 1971 | 



.Focus 

historical study on. Use of counting aids' 



historical study on development of ^ laboratory .approach 

review of: research on ma^tKematics jlaboj:ator^.es . 

guidjBlmes for ^eveioping^.a inanipuiative material 

. guidelines for developing a matKenktics laboratory 

checklist for i^ole of instructional aids * \ / 

review/ifof ^tesearch. on models * - . . . 

discussion of .findings oh 'mani'pulstive/matefrials o ^ I 

review of research on mathematics laboratories and ; 
' inariipulative^materlals-- r ■ ' < ' / <^y' 

. survey ,of .extent of uSe^;of maiteriais 



.Lesh, 197^ 



-Lewis,^ 19 m 
Keys, .1972 
Snyder, l976 
Thomas, 1975 



survey oft .(extent of u'se of^.materials 

critique of a study , - •-:f^ 
evaluation of devices .\used> -by the; blihd^ 

review of research on /manipulative, acti'vity iearhing 

review of research on: manipulative activity learnings , 

discussion of research-psychological theory on 
mathematics, laboratories 

survey of coiiq>utatiohal aids for yisaally handicapped 
rationale for use of a variety of materials, 
.model for^ developing a mathematics laboratory 



survey -on use of 'games and manipulative materials 



Trimmer, 1974 



Vance and Kiereij, 
! 1971 

Wilkinson, ^1974 



review Qf research Qji materials and activities 
.review of research on mathematics laboratories 



review of research. on mathematics laboratories 
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l/.--^^. . y studies oh 'mtKe^^ which they reviewed (including .one with 

i" ' ^ihthog st^ating;: ^ . " • , ^ 



1.. ;The. .research ihdicat^B^^at students' .can learn ma the-- 
jmatical ideas from laboral:or^l.seJ^ However;^ in 

. iriaxUroizi^^ acHievemeht oii *cagnitive-jvax.iables , other 
mepnihgfliJ. instruction appears, to work well if no.t 
better. . . . , « . 



\ 



2. One getierally held' feeling about mathematics 1^ 

is that they^promote better attitudes toward mathematics. 
, ' There Is- only limited .evidence of this in the careful 
* .'eyaluatiipns' of activity-orientei mathematics although 
-most students seem- to prefer laboratory approaches to 
more ciass-r'briented; approaches ♦ . ; . ' . ; 

3. The "gains"**made througli a laboratory ai^^ 

^ to be practical'. ;r:. ^ \ ' 

In summary ^the research and evaluation' liter a suggests 
.that laboratory approaches can be used practically and ^ \ 
effectively. However, any effective utilization takes * • 
organization. . . . [pp. 588-589] ' . 



' J , V Eeimema (1972), in. her review of xeseairch on manipulative materials. 

x\s^ l\ ^^(terioied^ a inodel.ih her review) indicates: ] ' ' 

*^ . - ^ ^ ^ Although the evidence, both theoretical and empirical, 

1^," 4 > appears to indicate thait the ratio of concrete to symbolic 

V * ^* ."^ m<^dels used to convey mathematical ideas should; refl^ect 

fy! \ . ^ ^ *^ . ^.jjg deveibpipental level of the learner^ it stjould not be 

ft/ -^.^ ' , . * iTr^fefied that either model [concrete or symbpliS]^ can 

' »^ ^suffice at 'any level in the elementary school. [p. 638] 

V . J' . ^'"^ studies reviewed in this' report differs, cfew' 

^Vl' exact comparisons can be expected. That there is a need for more research^ 

isr-r^cogni2ed''by all. * ' ^ - . . * 



Jmpirqat ions' -for. Further Research 



jl^e. believe that research clearly favor$ the use. of manipulative 
* materials oyer the non-use of materials when compared on general measures 
of "elemental-school mathematics achievement over a wide range of mathe- 
^ l.ev^ls;, and classroom settings. When summed . 



^ V- V ' . • , ': \ ' ^ — ' *-T-?r* — ^ . V 

* -V . ' * ,^ V ' * , „ , "oA"^'' " • '* - * ; • ■ , ".^ * ' 

I ' .together, the research'teviewed shows the 'use of materfals, tO' be at 

' ' Teast equally effective* and-, often superior, to the non-use of >Tnaterlats^ ^ >^ 

'^'J • ■ iCases.l^h:exe--n0H«^ of .materials* is, ^uper^or ^re very few, and usually ^ ' • / ^ 



• V*-' xincp^ -confjDundirig yar^J^ables. 



i , . ..Uhforttinktely, tive iitiplicktions 'of research fpr c^lassroom- adoption \ 
andyuse- of\'manipulative.mate5^i^^^ are not at^all clear,, despite- the 



olptimistic st.a^^ The difficulty^ is that, while the existing 

.research , can be summed tO; , provide a,*bi:oad and general picture of effec- 



tiyehess> it provides-ipractically not -^pec^LJic details about the components 
' ♦ or aspects of mater ials'^us.e thatvlead to -}:hat eff eetiveri^ss. ' If every- . 
"research, study concluded that every use of every manipiilati've material 
"^increased student, achievement there w^uld, be little need- to woirry about 



the. details of that .use. vfe, could conclude that the mere presence of ^ 
manipulative materials in a mathematics program woul,d be benef icial. In 

'./fact*, reaeafch results 'Show us to, be as far "away from- this comf6i;table 

. f ' ^ * * " ^. - ' • • * ; j 

conclusion as. possible. No *matter how we classify studies — by mathe-. 

'\ ^; ^ ' ' ' \ ' ^ ^ . ' W 

. matics topic, by type ^f ^earner, by age , of learner ^-,we find the 

.number of studies^ showing* no significant ad^anliage for the use of materi-' 
. als; to be about equal to the number significantly favoring the use of 

.materials. Our optimism about the effect 'of materials stems from the 

. " . ' , 't' ' \ ^ . ' ' \ , ^ 

absence^ of „ studies showing the non-use of materials to be more effective 
' - - - — ^ — ^ '"i! . ' . ' ' 

-'. . - • ' ^ ^ ■ 

. , than the use of materials. The crucial question is obvious:, what factors 

made some treatments involving materials so much more effective than 



.others? • ^ , 

As indicated in the section "Multiplication Revisited", we, can 
"find no definitive answers to this question in the present body of 
research. Most studies have been designed, to show cgaly ^^7hether or not 



: ERIC , ■ , >: • - - 



th'^. use of ^materials cari^ be effective. We believe tfiat this queAion 

^ / ^ * " - ^• 

^fias been answered, affirmatively. Future research must be designed to 

isolate and identify those factors which are present in and characterize 

the effective use of materials. ^ Sud^ factors obviously include the 

nature of 'ihe materials themselves, .bilt also involve their use within 

**v ' - • ^ 

the- curticulum on bot.h short-r and Idng-terih bases. 

This effort calls for more sophistficated research design chan has 

teen ^lypical of pa^st studi^s.^ iMost o^ the studies we reviewed embedded ' 

the use^ .of manipula'£ive materials- in a broader mathematics program 

without isolating the wide, range of potentially •.confounding variables; 

These other variables are seldom clearly identified,- let alone measured. 

" On ;>page^ 7 and 8 af this report we^ identify eighteen categories 

of variables that would seem to have spme a\|>fiori eff'ect oh the success 

pf the use of m^aterials^.^ We. anticipate: the use of regression analysis ' 

' techniques ultimately ':o' elaborate the interactions , and relative. impor- 

tance of these categories. However; we believe that ^ the lack of speci- 

f icit^j and understanding, of variables, within these catego'ries makes 

discission of this res^earch approach premature. We believe that the '* 

following: seven 'areas 'of investigation are simple enough to have mqjce 

immediate consequence. (Our seven areas, and specific suggestions within 

.eacfev: are TOeant to be' illustrative rather than exhaustive.) 
f * " ' " > * . 

1>.^ Degree of Guidance . ^'^Many studies u^se^ ngnjLpulative materials in 
1 .L--^^^ "O^""^!^^ mc'del Towever, the degree tq which 

. this induction is'guided by prescribing specific steps and ' 

</' procedures for handling, the materials is rarely made explicit. 
' ' •* • It shouldr be -felatively easy to construct one ^treatment where 

- the desired final goal is generally described ^b.ut the interme- * 
; diate steps, are not specified and free exploratioa is encouraged. 
A contrasting parallel treatment with specific procedure's for 
manipuiation of materials given to students at each step could 
_then be compared. 



2^ Use of Symbols * ^Symbols of mathematics are ah effective way. 

tp' record the resultis" of various manipulations and conf igurktions 
of materials* Thia; is .obvious to an experienced adult ^ but 
it inay not be at aid obvious to children. Do children need 
a^ high degree of guidance and instruction in transferrinjg con- 
crete manipulations to symbolic records? The contrast of (a) a 
/ treatment where ^tlie child is given detailed and explicit in- . 
struct ion, in -the use of appropriate symbols with (b). a, parallel, 
treatment where childr^en are encburaged. to. use symbols only as 
1 they h^ed Qnct inyent them should suggest additi^onal. investiga-r 
tiohs in this area; - 

3. feole of. Social Interaction *. A child -may manipiilajte materials 
in relative Isolation^'- or the materials may pose problems to- 
be discussed among children. Js social interaction beneficial 
in conj unction with the use ;6f manipUlai^tive materials? Is there/ 

. an. optimal size for the intersction^gxroup ~ for, example, do^ 
small groups -lof children learn more' effectively frpm materials^ 
than large groups or iiidlvidualsi The construction* of treatments 
differing only on. group size should be relatively easy. In- 
credibly, we found no studies focusing on manipulative .materials, 
in which group si^e was the primary independent variable. 

Classro'pm social Interaction is also determined by the teaching, 
strategy empl^pyed by the teacher. Do different, .types of teacher 
questiohp, -or different forms of teacher interaction with /student 
groups, affect the success of manipulative mate.rlal use? /Perhaps 
initial exploration with materials is better carried out jin 
groups, while the drawing of cohcliisipns and transfer of know- 
ledge to symbols would be done mgce-^efflciently by individuals 
interacting with the *t;eacher. The design of experiments where 
grouping patterns of children are alternated should also provide 
. interesting data. . ' - - - ^ - 

'4> Sequence.' -Placement of Activities ^ Does the point at which mani- 
pulative maleriars are introduced In the developnient pt a: concept 
make a difference?' ^or* example, is- it better to use ^materials 
to introduce and define multiplication combinations, or is/it ^ . 
better to define multiplication more, generally (and abstractly), 
and later introduce materials tc show the applications of multi- 
plicatfon? This question lies at the heart of spirited phild- 
, sophicai arguments between mathematicians and educators, yet 
tl:je very general approach taken in past research on manipulative 
materials , gives jio data "relevant to the question./ 

" * \ ' ' jy ' 

Hand-held calculators' now provide, an abstract, but accessible, 
w^y to introduce multiplication. Comparisons on. the use cf 
' manipulative materials before the calculator is introduced x^lth 
the use of manipulative materials only after work on the calcu- 
lator should shed light on this question. 



5. Length of Use . Are manipulative materials^more effective if 

used for longer periods of time? Is there ^ benefit to, be gained 
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from using similar equipment to illustrate different concepts 
at -different points of time in the curriculum?. ^ Or "^should 
specific materials be tfed to specific applications so that 
a wide variety of differing imaterials is used for different ^ 
applications? These and other questions relate to the effect 
of time oh the use of manipulative materials. 



Training of Teachers . We./susp.ect that some teachers may be 
. more effective in the of ' tnaterials than .others. Does .a 

thorough knowledge by teachers of the^^ppssibilities and appli- 
cation of a set pf manipulative materials .af fee t» this effective 
ness? 'Most studies mention that teachers were trained to some 
^ degree in the use of manipulative materials in the research 
treatments.^ 6ut no studies varied tha amount of this , training 
as a first step toward measuring a specific teacher effect. 

7. Type .of Student . The initial purpose of this report was to 
^ determine the viffectiveness of ^manipulative, materials^ for 
' ^'rstudents^ in compensatory educatiqn programs. We -could f ind 

little' evidence that materials were- eithdrlmore -or less effec- 
/ tive for students with; learning difficulties or spcioeconomic 
f disadvantages. In fact, we found very;few ktudles designed to 
/ investigate directly this question^ and few|r instances of 

sufficient data or analysis upon virhich to draw confident coxi-r 
I elusions. The measurement and description of student abilities 
/ and^ characteristics, is crucial to this type qf study. Because 
/ . 'of the complexity of providing enough data .toi understand the 
/ interaction of student characteristics with the use of manipu- 
l~ . la tive materials V the use of a large population 'with appropriat 
I . sampling techniques may be required. Such studies might best 
! be designed by teams of researchers funded for ^relatively large 
scale investigations. ^ ^ \ ' 

Many mathematics educators believe intuitively in tljie importance 
of /using manipulative materials in the elementary-school classroom. 
Some beiieye that there is no longer any need for further research on 
the, use of manipulative materials. This report tends to syppptt the 
first position, but strongly repudiates the' second. There are. too many 

studies where the* use of iranipulative nateirials is "only as good as" 

^ ^ * ' \ ^ 

reguTar instruction to believe that we know all that is needed about 

' * _ - ^ ^ . - - - - 

the~ use of materials. Our understanding of the details of effective 

use *lf shockingly scant. There is an obvious need for new research 

/ . V, ' . 

efforts on the pse of materials in* activity learning in elementary- 
school mathematics'. 



Implications for 'CrassrooihvPractice ' 

we (fevGloped thif?, report, we generated certain hypotheses about 
effective classroom^practice^ Some were developed on, the basis of the 
fiiidings- ,6f one or n;ore studies. Unlike the items. in tl^e section of ^ 

this chapter on conelusions, however, they are more conjectviral in ^ 

____ . ' \ ^ ' ' . \^ 

uatiire; they may serve as general guidelines for teachers as well as; , 

for •others-. . • 

"We belieye that lessons involving manipulative materials will pror ^, 
duce greater mathematical achievement than will lessons in whi,ch manipu- 
lative, materials are not used df the manipulative materials are used .well * 
What does it mean to use materials well? Although 'qiuch. further research 
is needed to answer this questid.i, our analysis of^ eff ect4.ve and infiffec- 
tive treatments siuggests the following points: 

1* Manipulative materials should be used frequently in a total:.mathe- 
matics program in a^way consistent with "the goals of that; program. 

For example, the study* by Ropes (1973) shows thaft casual (in, this 
case^ once a week), use of manipulative materials, in mathematics » 
laboratories is not, effective. Simpson (19.74) is able to trace _ 
weak treatments to^units which deyote.d small percentages of time, 
tp^ .manipulative activities. He concluded tHat for his uiits (at 
the seventhj-grade leyel) at least 50 per cent of the^ lessons 
should have' involved manipulative materials for the units ta be 
effective. It may not be reasonable to expect a fixed percentage , 
f time for all mathematics topics, but the Amount c?i time devoted 
manipulative activities Should be 5^ubstantial. 

2,. .Manipulative materials should be used in conjunction vrith other 

aid^, including pictures, diagrams, textbooks, films, and similar 
, 'materials. 

An example pf a study whicli supports this is Broim (1973), 'who 
found t^iat a program involving manipulative devices together x^ith 
textbooks and films produced superior achievement when compared 
to programs using textbooks and films, or manipulative maf^rials* 
and textbooks, or textbooks alone. Several other studies have 
havd found that tiea^tments combining different opproache.^ appears 
to be moire effective than single-focus approaches. ^ 

Manipulative devices are effective in promoting learning, but we 
must not be lulled into believing that they are the long-sought 
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" panacea, tor the problems of ma Vision- 

. ?^i%f ?iid prop.y^^ periodically, ari^^ to espouse the cause of 
'^niP-uiaW^ We shbuld bewjkre" of .tunnel vision .that 

• fociiiiej^spleiy on mnipul>tive .mate^^^ to the exclusion of / 
;wejy thing else.\ * . 7 • / . " \^ - ' 

?^fpip^latiyec mater should be 'used in ways appropriate to 
mat|^^mat:|cs content,, and mathematics content should b adjusted 
*'tO : capitalize on manipulative approaches • 

JSpme aljgbrithms may be, effective, without manipulative materials,, 
while other alterr^tiye algorithm^ ar^ preferable when used* in 
^' , cqnjunction with man^^^^ haivMield .cal^^ 

.affect the classroom, this matching of algpfithm. to 'approach will 
^becjMe even more\ \ . 

Maftipulative m^^ should be -used! in conjuiictipn with explora- 

toiTr and: ind^^ ^1 ^ ^* ' 

".Materials used; in arbitrary and :rofce procedures do hot 'seem, tp be 
' ' f a^ficularly effective. Nichbls fl972) cons true t^^d^6hek.p 

strongest ttfeat^enjbs using manipulative ina ?9f -ahy' study . 

, arialy zeci . ' jfie consciously built a discovery approach in^with 
.\ 'th^, use of materials. . Strong tr^atmenfe^^^ . 
• contain inductive app although they may not.be overtly 

' Mentif ie|l -as such. If the. ultimte purpose of vphysicat manipu-- 
, .Jrf^ive acHvities is/,t^ , 

^of freedom /se^ms desirable'i It is p^pssible^^td^' ma)^^^ 

a^ard;ing</tp^ p^^^^ without tiiinking. \ 

5* The' simpl^lit possible used in direct relation- 

ship to the mafchematical^attri1)ute^bein& s 

Th^ effectiveness, of using Cuisenaire tods to teach multiplication 
seems be questionable (e.g., sea Tennema, .1970):. Although the 
5.^^senaire xods ir^^ t^ niMi\b>r 'of piec^^ that must be handled, 
t;he child must count a number^ of non-unit rods, convett these 
rods to trains^ then estaWish^a'train of ten> or iahit rods pf 
e<iuivalent 'length. Although- elegant from . an. adult poi of view, 

procedure is apparently much niore .complicated to ihe^^c^^ 
than simply counting ^objects. .,Thus^ for ^introducing multiplicatibn, 
materials like, egg cartons and counters seem to be more Sffectiver . 
Simple, direct materials, are more effective than elaborate special 
ponstructipnsi Materials should make mathematical procedures 
easier, not more complex. . - - 

ManipulatiV.e material! should aid in'organi2in&-.content^-v-r** 

- ^ - ' Ys^^. ■ • * * 

. When materials provide organiptional Schemes children seenu to 

be helped^ evm with syrobolic^'recail *and ac^^ -For,'^^^ 
^ instance, Trask (1973) j^pints out that 'thig number of objec^ts used 
in introducing multiplication can be pven^rHelming to children. 
.'Successful studies haye not only prpvidea cpunters, but; also 
other aids to help lit" organizing them andr.the ideas. Tunh .(l974) 



, ' ^provided arrayrrboards .and pegbpards in: ajdditidn to the usix^^ 
^ chips and bo ttie caps coiranbrily used aith: mult^ His 
* treatment was .effective^, whereas Trask''% was npt. Nichols. (1972) 
- provided- felt; mats^^^^^^ booklets, and .prganized her tre^ • 

merits so that' children escplored mul t ip li ca t i oh^ comb i tions 
. :fpr only one ;"famii^^ The strength pf her ^treatirient; 

seems tp haye been characterized By freedom within organization.. 

7. Manipulative n^terials should be used with programs which jencourage- 
results to be recorded syrabolicall^^^^ . , 

Treatments which stress connections beb/eeh,^ materials and^symbols 
r seem to be more effective than those which do not. The kev to 
using: manipulative, materials is ultimately, the transfer pf uhder-^ 
standing generated by th^ the successful use of 

^1 • arid facility with -a symbolic system; 

* 'The use of manipulative mat:eri.als and other objects is helpful in 

promoting understandiiij^/6f a Variety pf Jiathematical ideas (it seems Xo 

us). In some wav/whether b]^. informal, ,:every-day obseryatipns or by 

T-^re systematij/^instruction, the child^must develop a-base or foundation 

of. 'which to develop such, understandings. The i^eas,^ pr knowledge and 

; . r " ' \ ^ ' ' ' ' ; \ - . - 

skills, derived from the ideas, aire applied an the real> physical, concrete 

_ . _ . . ^ - . . _ . ■ - • c - — ' ^ p 

World. .Coricomitant\leirients or factors which strengthen the effect' of 
Jthe use of materials i arid facilitate the understanding of mathematical 
ideas deyeipped from a concrete base, include meaninefui instruction, and 
teaching for transfer and generalization. 



Some Suggested .Guidelines »^ ^: 

As we .analyzed the studies and developed conclusions, we also developed 
a: list of suggestions for those whg are planning mathematics projects pr 
selecting elementary-schooL. mathematics programs: . . • 

"1. Mathematics proj*2Cts and programs at the elementary-school level 
should be^scanned to. ascertain (yhether'^manipulativc materials are incor- 
porated. The use of manipulative. materials appears to increase mathematics 
achievement. Projects not using manfpula.tive materials should justify 



lion-use of xthem: there are exceptions which can, be justified as, for . . 
instance, when no meaningful material exists. ' 

2'. .Mathematics projects and programs should be scanned co assure that 
there is a high probability that manipulative materials will be^^ x^ell-used. ' 

3. Projects 'and teachers should have, a budget item or "petty-cash; fund" 
to purchase ordinary, lowrcost materials rather than relying exclusively 
•on commercially prepared materials. One cannot- judge the quality or 
effectiveness, of materials'on the -basis of cost alone. 

^ ,4. Bfograms should hot be chqsen_oh the-basis of single factors such 
as multiple embodiments or manipulative materials without supporting materials. 

,5. When mathematics ^laboratories, 'or other activity-oriented programs, 
are proposed, the coordination 6f the laboratory and .activities .with the ^ 
totai mathematics program should be planned. Objectives, scope',, sequence, 
and evaluation, must be- co'tjrdinated.; • 

A Final Word - - . * . , - ^ " 

Present research provides no more ^han tantalizing .ideas and suggestions 
about how to use manipulative materials successfully. It assures us that 

"it:,,can be done", but not how to do it. research can provide definitive . 

" ; " : \ _ / ■ ' 

answers,, it^miist be the .research of the future, not ,Chat of the past. Re- 
search is very complicated profcess. , Every single detail of a study has 
potential implications. Every single detail of a teacher*s planning also 
has implications ..." / - 
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ANNOTATED LIST OF REfERENCES 



AbernitRa; -Evelyn .and| Wiles ^ Clyde A. three Month Tr i al of Developing 

Mathematical Pro'cesses- (DMP) with ten- Educable Mentally Ret^rded. Childreh . 
^Technical Reporri/No^. 336. Madisorif Wisconsin Research and ©evelo'p^ 
' irient Center f or fcognitive ^Learpin^^^ i975f ^ ERICi, ii3 i^OAi ' /' 



;ed to 12i from fan intact. class* used the DMP \c 




Teq ichildreh: aged to 12^ from jkn intact ^cias^*. used Vhe PMp\prpgram' 
for tUree months.. ^ iJata attest to^ the appropriateness and erf ectiVene^s 
of the materials fcr mentaily r'et'arded children. « ' ' 

Adamaon,. Geraldine Mathematics /Achievement Between First-Grade 

Students Using jDeveioping; Mather Processes and Distar ArfthV 

' ( raet^c -Mathematic Instruction/. ( Br igharti' Young University,. 1975 O v 
; ^ -^Dissertat ion Abstracts Interrfational 3 6A : . .4211 ;r January 1976. \ 

:Fo^ smai^ giroiijos bf first/grMef^ mean differences , in scores 
significantly favored the Distar program, using deductive logic 
and direct iTis^truction, when compared with the diacovery-oriented 
Vv^DMP program using, manipulat/ive materials. ' * 

- •■ ; K; . ."■j , ^ , ,: ;., ... 

Adkiris^; Julia Elizabeth. . An Historical and Analytical Study of the Tally, 
«the Knotted Cord, the Fingers, and- the Abacus. . (The Ohio State 
,University, 1956.). Dissertation Abstracts 16: 2^083; November 1956. 

^ i' * ^ ^ ' ' 

Man's use of; physical ''devices through the ages was studied, with 
-trends and. practices of schools from 600 B.C. to^ 1955 A^D. briefly 
surveyed.- . ' f ' .. ' 

Allen, Layman "E. and' Main, Dana B. . The Effect of Instructional Gaming . 
upon Absen teeism:. The First Step . ERIC: " ED 113 159. (1973) 

Seventh- ^and- eighth-grade students used the "Equations" game, 
Yi^h J:wice-a-week tournaments using teams. The mean absentee rate 
^ in 'npngaine cla^sses:was significantly higher than in game ^classes . 

Alien, Lkyman E. and' Ross, Joan. Instruc . 3nal Gaming as a Means to 
Achieve Skill" in Selecting Ideas Relevant for f^Qlvfna ^ PrnT^i^'n. 
ERJC: ED 413. 158. (1974) ~ — ' . - 

' ^ * . " / 

-'^Twenty-nine j,unior high students iii a, higVability mathematics class 
played the' "Equations;^ game for five sessions. Significant increases 
in ability to detect ^tha.relevance of a particular idea for solving 
a ..problem -and in evaluatin^-^ mathematical expression involving 
that ]idea .were found. 




AUenT/Lay^^ Ev and RosSi Joafi* Improving SkllL in.Applylng Mathematical 
" /ifleasr . A Pfellmlhary .Report on the Instructional Gaming;. Program 
yt Pelham- Midd I'e Schoo 1 in De t fo i ti > ERIC \^ ED 113 163> v(1974) * 

Ten eighth^gra^ students) . were testec' 

on cqmputatidn problems :af ter using the "Equations" game;^ scores 
ii^cireased. - * * - ^ 



khdeisbviy George R. Visual--Tactual Devices: Their Efficacy in Teaching 
/ ' fArea/, . Volume and the Pythagorean Relationship fb .Eighth. Grade- 

Children. (The Pennsylvania State University, 1957;.) Dissertatdbn 
•^Abstracts 18': 160-161; January 1958. ^ ~ " ' ' > 

In- eighth-grade classes (n = 408^students)^,. a .>kit of 16 yisualT 
tactual devices (miilti^sehsbry aids); were used :by tlie^teachers: of 
'bne igfoiip in: making presentations for a unit oh. areas i. vblumes; and 

* • V » ^ * '' \^ i. ^ ''^-r ---Slit ^'■'■» \ 

^ the Pythatgor^n relationship these ^devices were alsb available 
at all tim^s to students i In a dpmpar'isbn with match§d\gfoup$:i- no 
slfgniflrcant differences wc^re found in/&chieyement ^or attitude,'.*' . 
although all stated that they found the devices to be helpfui. 

'Atmstfong, ^ Jenny R. Representational Mbdes as They Interact with Cognir 

' X-ive pevelopnient and Mathemafeic'ai Concept Acquisition of the 
* Retarded to Promote New Wathematical Learning. Jburjixal for Research 
in Mathematics Education -3: ^3-50; January 1972. " , 

^Traihable. mentally retai^ded childreiv (MA. 2 to 4) (n = 20) exhibited^ 
^ greater mathematical learning when using .manipulative/materials than, 
when using drawings. Foi: educable mentail^^'r^tardod children 
(MA 5 to 12) (n ='"67) , no significant di^firenafes^ were: found between? 
;the- two types of'mat.erials except for learnirig^which required . ^ 

Representative tho,ught, where thbse using maiiipulratiye materials. 
* scored "higher .'^ ' - ' ' ^^w. / . 7 - . ! . 

Babb, James Herman. The Effects of Textbook Instru^tibn,' Manipulative^^, 

and Jmagefy on Recall of the ^asic Multiplication Facts. " (University 
,of Southern Florida, 1975.) Disgdrtation Abstracts Ihtfiritational 
36A:^ 4378; January 1^76. ' \ > 

Instruction with textbooks, manipulative materials, or imagery (a 
•. ^ mheumonic method) were compared* with> three second-grade clashes 
learning multiplication, facts. The use of material^ was more' 
efiectiye than the use of imagery or ^t^tbooks^.. ^ ^ 

Bafragy,^ Sister Micheleen. The Effect of Varying Object Arrangement and 
Number<on Children's Ability to Cbordinatejr.Perspectives. (George 
Peabody College for Teachers, 1970.) Dissertation Abstracts Inter- 
national 31A: 2730; December 1970^ ' • 



' 115 



'\ .^'Randomly .selected ..c^ from kindergarten,, thir.d, .^^^nd sixth grades 

. Xh '60) were -asK®4 ^%9^} photographs of object gf cTiips with came.ra" 

. p6|itioni The hum^ of .objects and the type of arrangement had nb 

'/^ me^sureable^e^^^^^ on the dif ficulty. the coordination of :the: 



perspective task, although there wei^e significant, age differences 



( 

f" >:in -perfprmance. \ 



Bar rlsh,% Bernard. Inductive versus Deductive Teaching Strategies with 

High an4 Xpw Divergent Thinkers. (Stanford University,. 1970.) 
- , . Dissertation Abstracts International 3iA: 40^9; February 1971. 

:Eor^2p days, 125 children frpm grades 4^ 5, and 6 w^re taught by 
either-'a. deductiye-^reception strategy pr :an\ Indue tiverd is cpvery 
^ < .strategy ,^ in, each of. which, concrete; manipi^atib^^ 

feasible". For the learning.^of iow-cpgniti>e mathematical ^ 
a-:deductive-rece^^ found to ,be more effect iye^^ 

^ -an ihductive-disco'v^^ s.trategy; rip differ eric ei^^ were iound "for high^_ 
?'>cognitive material. ^ ^ ' '^-w^ " \' | 

v: . ■ ■. " ' i-, ' " ■ 

Beal,. J:ackie Lee. An Evaluation of Activity Oriented Materials DeyelbpeS 
to Help the Low Achiever Attain JBa§ic , Ma thjiDm 

(tfhiversity pf .Nebra^ka, 1972.) ^isse^tatvion. Abstracts International 
; * /;33A:: 3249-3250;. January 1973. " '''^V^ . .0 F 

.fhirtyr classes in grades 7, , 8*, '9, and 12. used NCfM materials for 
Iqw '^tchievers with emiphasis dn acti-v^ involvement of the lekr^ier. \ 
Some diff eterices in achievement and attitude favoring clashes using , 
/ . various units werer 'found, i ' / 



Beardslee, Edward Clarke. Toward a Theory of Sequencing: Study" 1-7: ^ 
'An Exploration of, tl>e Effect of Instructional Sequences Involving i 
inactive and Iconic Embodiments on the Ability to, Generalize. ■ (The ! 
:Penjnsylvanid State .^^ i972.) Dissertaj^ion Abstracts Intei:- 

• national; , 33A1 , 6721; June 1973. > ^ yf . " ~' 

Forty-nine pupils from grades 5 and. 6 .yere randomly assigned .to j 
- ^ programmed units, on equivalent fractions using/either (1) dis.ks"^ ; 
(2) .disks and circles., or (3) disks, circles, .and rectangles. An 1 
- ^additional 29 pupils who had already acliieved criterion bii two of^ '| 
threfe sets of , objectives receiyed instruction, on only the final set 1 
" ^ 6% objectives. .No significant differences (p = ;I5) were --found 1 
, % between the use of one, two, or three cpncrete embodimenta on testf 
.,/pE :geher^iization. [See Gau ;f or a companion study . ] . , 



BeaVdsiee., Edward C,. ; Gau, Gerald li.,;: arid Heimer, Ralph T. Teaching for 
' Gerieralizatiori.:, *An Array Approach to Equivalent Fractions. 
^ Arithmetic Tea cher* 20; 591-599 r'Novembe^ 1973; . - " 

The cpmpapion studies by Beardslee and Gau provided the basis for 
-this article^,, which explicates the procedures , used in the studies 
so^that tcvichers can apply, them in their clalssrobms. Attention is 
focused on'^the use of arrays (with disks aVid cifcies) . , « \ 



Beckl^uhdi. Lester Alberti Independent Study: An Investij^atibn of the 
1v6Co^.^tivenes?s of Independent Study ^ of Novel .Mathematics Materials 
In Lhet >:iem£Mitary School! (Uniyersijby .of Minnesota, 1968..) D isse x^- 
. ; ta t^.i_ujil#^t^^^ 29A: 3.\52; April T969-- " . \. - ;'r 

I'or contention vectors, grojups^ and trans Lorihat ion, p'upils in 2.8 
<,lvLi>HQ$ in grades 3, 4, and 5 used standard materials^^or .activi,ty- 
oriented materials either with or without teacher directions. On 
various ^measures, each of the groups scored :signif icantly higher iij- 
.some instances. . * , 




Uefha rd , 
Apr 

^..19; 

Xh this analjvsis of the development of the,J.^bor^atory approach. It 
was n6te*d that between 1966 and 19.71 the approach was used, discussed, 
and advo&ated more than at anv previous time. * 

Bisio^ Robert Mario;' Erf.ect of Manipulative Materials on Understanding 
• Operations with Fractions in Gradie V. (University of Caiifotniar, 
^ liertceie^/^, 1970. > Dissertation Abstracts Internationa l 32A: 833; 

. 'Auiiu's.. 1971*. ^ ; ' " - _ ; * ^-.^ ^ ; ^. 

I^wenty-ninc fifth-grade classes (n = 501 pupilg") from two soclo- 
ecoii>;mic levels were compare^ on ah experimenter-developed test 
befbru and dfter 33 lessons on addition an*, subtraction with, ii-k-e-r 
fractions. Pupils using manipulative matei iMs (f lanrielboafd 
fraction kits) or watcijhing the. teacher d^emonstrate witK materials 
achieved at least as .well as pupils taught with nd^^ manipuJntive 
materials. No significant differences were .found antong/lower SES' 
grffUps; Da.ssive use was 'significantly better (p ,.01) than non-us,e 
for pupils, in thej'iigher SES groups. Incerviex^;s with 100 pupiLs . • 
'indicated that as difficulty level increased, more errors were 
n^^idc with addition and subtraction and with reducing to lowctU* t.onns. 



Bledsqe,. Joseph C.; Purser, Jerry D;; and Frantz, Neylri.R\, Jr^ Effects: 
of .Manlpulat^^ Activities; on Arithmetic Achievement, and Retention. 
rPsycTiologicar Reports 35) 247-252; August 1974. .\ ^' [ \ 

.vWith 'Seventh graders, usie of reaming packages on fractions and , 

decimals, using manipuiative materials, produced greater .gain .on 

„R6st, and retention ^t;ests,:than pacHage using only paper-arid--pencil 

exercises. • '^"'^ ^ ' ; ^'." 

_^ • . ; " ^ • ^ . ^ ^ 'O-'., \ 

• , . - - ' ' „ / ^ ■ " ' > *^ . ' i 

Bofiahy 4Iarry ios A/Study of the Effectiveness of Three Learriihg 

. Sequences for Eqjjiyaient Fractionn.-- (The University of Michigan, 
"^V^f) Dissertation .Abstracts International 31A: ^6270; June 1971. 

\ln on^ app^o^h, equivalent fractions were introduced; with diag^^^^ 
and. ^ts or objects; in another approach,, paper-folding .activities 
-were' used^ a third approach used "ihuitiplication to- develop an ..a^iili- 
"c":able^ general^ Two f if fch-grade classes Were assigned to i eaich 

^x^we^ No signifld^^^ . 

hetwe^n were 'found on tests addition, subtraction,, or/ 

plj|^tion .with^^^f^^ On posttests^:oh .eqiiivaierit fractions', the 

.'gi;<iups using diagrams or pdper-folding .scored significantly^^ 
* lan those usirig_ the "property of one" prdcedxiire, while the-paper~ 
/folding group scored significantly higher, on -this retention test and 
ah attitude measurev^, ^ ' . . " 

^ * -> ' ^ " ' ^ ^ * I 

Bolduci Elroy Joseph, Jr. A Factorial Study, of the Effects. of Three 

Variables on the Ability of First-Grade Chxldren to. Solve Arithmetic 
Addi<t:i9n problems. (The JJniversity of Tennessee, 19,69.) Dissertation 
Abstracts International _30A: 3358; February 1970. - ' - > 

» -.^^-nit cy-^ix randomly selected^f irst-grade pupils were tested oii 
problems in whichj (1) the question preceded or followed the data;; 
(2). the elements had like or different names; and (3) direct , pidirect 
or no visual aijds were used. Nonsignificant differences; were found 

for (1) or (2), but problems presented -without a -vifeuai aid were 

; ^ more difficult .than those with either type of visual' aid. ; 

Bowen, James^ Josephs , The Use of Games as an Instructional Medi^. (Uni- 
^ versity of Cailff)rnia> Los Angeles, 1969t) Dissertation Abstracts 
^ International 3bA: / 3358-3359; February 1970. f 

Three clashes of; intermediate gr?.de honor students were involved in 
' this stiidy with ^the game ItTF^N PROOF. Those who used the game had 

significantly higher gain scored than those who used a textbook to- 
\ study logic. / • ' - - - 



Branch, Robert Charles.. The Interaction of Cognitive Style with the 
Instructional Variables of Sequencing" andjyianipulation^ to Effect 
Achievement of Elementary Mathematics. /(University of Washington, 
1973.) Dissertation Abstracts International 34A: 4857; February 

; ' 'IIS -- - } , 



Nine- six thr grade pupils classified as High analytic and nine .classi-, 
fied as 16^ analytic were randomly assigned to each of four treatment 
groups pairing^ iridiicjtive and .deductive sequencing with^;or without 
mahipulati-vje u^e of. number lines, for four lesson^ on addition and 
subtraction^ .\^it}i integers^ On a retention tfest one day l-^te'r, pu{)iis 
;using numbed li^es, 'scored significantly higher than pupils'^ watching 
/the. teach(^r\use^|a number line on ;.the ^chalkboard (p x .05).- Inductive 
sequencing w^th oise of the number line was better (p < '^005)^ than 
f . deductive sequencing with6ut materials. 

Bring, Curtis Ray.\ Effects of Varying Concrete Activities on the Achieve- 
ment of Objectlives in Metric and NonrMetric Geometry by Students' of 
, drades Fave analSix. (University of Northern Colorado, 19710 ' - 
l)issertatioh A^strkcts- International 32A: 3775; January 1972. 

For one week, 102- .pupils in grades 5 and 6 used^ semi-programmed ynits 
on .metric and non-nietfic geometry. Classes .using concrete material^s.^ 
■ . ^ j^O-Sugar 'cubes aridi mo|deis) achieved higher mean scores., than classes 

"Withbui: materials, ;but the difference' wais siguificant on only posttekt 
' ij» . Caucasians; acWieved. significant ly higher means than udentrs of 
_pther ethnic bac|igr|unds. (in Colorado) , but the difference' in" gain ^ 
' 'scored was not significant.. ■ ^ . ^' >. - ^ *v» ^ > 

Bronder, Cecilia Colette The Application of Diagnostic -T.eachirig and a:,. ^ 
Mathematics Labor alto^i;y' ta a Middle School Iridivi'dualized'Unit .oi;i _ 
Fraptdons. (UriivetspLty of Pittsburgh, 1973.) Dissertation Abstracts 
■Intef'ha'tional.. 34a1 1575-; October 1973. - " J\ _ 



An individualized init on fractioiis. which incorporated diagnostic 
teaching and a ^mathematics laboratory increased achievement ^ although 
the eiemeritarvTSchplil stukcnts- did'not meet criterion on ^the test* 



.Brousseau, Andre R. Matl>ematics^ laboratories: Should We or .Should We Not? 
• School Science and l^athematiics '- 73: \99-l05; February 1973. ' 

Research, on the.' use "of .mathematics laboratories, is reviewed; it is 
sjuggested that laboratories be considered one approach to be used 
4' to .meet'' individual needs.'' V . I ^ ^" ^ ^ ^ 

" " ^ « , \ ^ , \ * ' ^ 

Brown, Claude Kenneth. A S^^iidy of Four Approaches to Teaching Equivalent 
Fractions to Fourth-Grade Pupils. (University of California, Los 
Angelesj 1972.) Dissertation Abstracts .International 33A: 5465; 
April 1973. . . 

Twelve classes from grade 4 were taught equivalent fractions fpr 18 
days. , Use of manipulative materials and/or a film with the textbook 
' resulted in higher achievement than use of the textbook alone. 
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Brownell, /William^. Arithmetical Abstractiohsr Progress Toward Maturity 
Concepts I'.der differing Erograms of Instruction. Arithmetic 
; Teacher 10: 322-329; October 1963. . ^ " ~ ^ 

Browneii, William iy. Arithmetical 'Abstractions: The Movement toward. 
Conceptual Maturity under Differing Systems of Instruction ^ 
, yiilyersity of California Publications in Educaiiori, Volume 17. 

BjBrkeley: University of California Press^ 1967. 

^^roTOelli_W^liam A. Conceptual^Maturity in Arithmetic Under iy.fferihg 
Systems, pi Instruction. Elementary School Journal 69: 151-163; 
December 2.968. ^ 

To' ascertain the progress toward abstractness and the maturity of 
. arithmetirnl. concepts of children who had been exposed for three' 

/ years, to different instructional programs, 1406 se^^en-year-olds in 
.EriglisK and Scottish ^schools were interviewed. Th^y were-ask;ed to 
' R?Pyi4e_ answers tp combinations, their mathematica]]. .rationale for 
j:'^^^ operation,, and how they solved word problems. In the Scottish 
^4^"^^" rscl^opl^ (n » 4/8 pupils*), the Cuisenalr'e program was more effective 
|» - <r than; the coYivention^l program. Children using the Cviiseriaire rods 
^ had quicker responses and more mathematically matures sol-utions.. In 

; the English schools, (n = 928 pupils) , the order of t:lie three programs 
- 'in use there was the conventional program, the DieneW\program, anS 
the Cuisenaire program, but "withottt much difference^bfetween the 
last two."!* * . ; ^ ' . . . \ 



Callahan,. John ,J. and Jaocbson, Ruth S . An Experiment with >^letardeci 
Childr^eh and Cuisenaire .Rods. Arithmetic Teacher 14: , id-13; 
' January 1967.. . ' . , ; \ 



Use of Cuiseilaire rods* with mentally retarded pupils in ohe\lass 
(ages 7 to lO) increased knowledge and understanding of number fadts 
^ and properties. " 'X - ' 



Carmody, Lenora Marie .^^ A Theoretical and Bcpferimental Investigation into 
the Role ^f Concrete ani Semi-Concrete' Materials in the Teaching of 
-Elementary School MatheMti State University , 1970.^ 

Dissertation Abstracts International ' 31A: 3407;' jkriuary 1971^ ^-^ 

Three 6ixth-gradejclasses studied units on number bases, properties 
of^odd and even numbers, and divisibility for 11 days. Significaht 
differences-^ the numeration test and on two trahs.fer tests were^ 
^ ^ found favoring the group us-ihg semi!::concrete materials over the 

group using only symbols. Oh one transfer test, differences favored 
,the. group using concrete materials over the group using symbols. " 

" ^ ' . , ' ' / 

Carney,. Harold Francis. The Re:|.ative -Effectiveness of Two Methods of! 
' Teaching the Addition and Subtraction of Rational Numbers. (New! 
York University, 1973*) Dissertation Abstracts' International 34A: 
• . 659-660; August 1973., /^^ ^ ^ 



er|c;;;- ..-■..^ . 



Eight fourthrgrade classes (n. = 240 pupils) were taught 28 lessons^ 
on addition and subtractiqh with rational number.s. On experimentetf-^^ 
'developed tests, the. procedure using i'he field postulates and othei^' " 
properties, of whole numbers (such as cojomutativity: 2: + 3 = 3 + 2) 
was more effective than a procedure using objects and a number linev 



Cas.taneda, Alberta Maxine Mondor. The Differential Ef f ecMyeness of two 
' First -^rade Mathematics Programs for Disadvantaged Mexican-American 
Chiidx:en. (the University, of Texas, 1967.) Dissertatlb^n Abstracts 
' 28A: ^3878-3879; April 1968. ^ * " ' 



Disadvantaged Mexican-American first graders taught by a spe^al 
•program involving activities showed greater gains ia mathem-atife^s 
\achievement than those taught by the textbook-oriented mathematics^ 
program.. . ^ ' • . * ? 



Cheatham, Ben H. , Jr. A Comparison of Two Methpds of Introducing Selected 
Geometric Concepts to Seventh, Grade Students. . (phiversity of' 
Florida,. 19iS9.) Dissertation Abstra'cts International 31A: 1132; " 
♦ September. 1970. ^ ' . . ' 

'v .For six classes of seventh graders-, gains in geometric, concepts were 
. not significantly different for those who constructed models with 
compass and straightedge or- with paperfo^Xding techniques. > 



>, ' ■ ^ . . — / 

Choate, Stuart Alan.. -.The Effect of Algorithmic and' Conceptual Pevelopmeat 
<■ for "Jthe . Comparison of Fractions. (The University of Michigan, 1975.') 
Dissertation Abstracts. International ' '36A;, WlO; September- 1975. 

In a study -with eight classes of mixed ^o^^th-'and^'f l^f th-grade 
students (n .= 20d) on sequences for developl;i^^the ^Iff i'^^J^^"^ . , 
comparing fractions, all g-roups used paper-folding a^Ld/or diagrams. 
A sequence in which conceptual work was' fol3 owed, by late presentation 
^ of the^algorithm appeared to .be better -than, three-other sequences. 

Clausen, Thomas. Greenwood . jA Deyelopmentali Study of ChijLdreh's Reisponses 
to Multi-S^ensbry Approach- in Mathematics. (University .of Southern 
Mississippi, 1971.) Dlssertat-ibri Abstracts Internationa! 32A: 
4830; March. 197-2. '■, • " . - ' \ 

Eight -classes, (n = 177^ pupils), in kindergarten and grade ^1 Used a 
multi-sensory (Montessori) approach ,or a worksheet-textbook 'approach 
. • for months, the multi-sensory groups achieved higher than the 
• others.' tJhen. comparisons^ were ma.de at three mehtalr-age levels, no. 
differences between the two approaches. were fouii^b. 

Cohen, Martin Seymour. A Comparison of Effects of .liabo.ratory and Couven- 
- t-jonal Mathematics Teaching upon Underachieving Middle School Boys. 
(Eemple University, 1970.) Dissertation Abstracts international 31A: 
5026-5027;^ April 1^71 •. 7>.'^'\ 

- ■ - ' ■ 121 ^ 



Fourteen sevetith-r and eighth-gradfi boys in .a special inner-city* 
scliopl wer a taught fractional concv^pts and. computation for 34 days . - 
through a laboriicory appr.oach which- used a variety of inanipulat.ive * 
anfi multi-sensory materials aloxyg with a studenttrcentered teaching 
; approach. A control group of 14' boy&s was taught the same content 
through a conventional textbook/chalkSoard/discussion approach. ^, 
The conventionally taught group hf\d a sighifi^cant increase in achiever 
,ment^ but no significant differeucies were, found on a subtest of 
^cbiranonly taught content^ nor were attitude scores significantly 
different/ - , , ' ' " ' " / ^ 



\ ' . 
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Coltharp;, Fqrreat Dee. A Comparison of tKe,'Ef fectiveness of an Abstract 
' and> a Concrete*' Approach\fn Teaching of Integers-to ^Sixth Grade ^ 
\^ Students, ' ;(Oklaihoma .Statre University,, 19^68.). Dissertation Abstracts 
\ Interhatibnal 30A: 921^.924; September' is"^^^^^ . ^ . . . 

1 : ' ' . \ . . ' ' 

For 79 students in four oixth-grade classes, integers were jbaught ^ 
either by ,a concfete\approach using, the Greater Cleveland: Mathemat^^^^^ 
c . Program jnaterial,^^ which reli'ed\ort' the number line and other visual 
^ . procedures, or an abstract approach using niaterialis developed Iby ^ ' 
\ • the researcher 1 No signifipant difference vas fouhvi in achieveihentv- 

.■ ; ■ , .. I 

Cook, Doris -M.. and others. Research JahdjDevelopmeht Ate4J:\a<ies in R L 1 
Units of Two Elementary /Schools of Janes ville, Wisconsin, /1966-67V 
- Report from Project Models . ERIC: ED 023: 175^ (1968) ' ' . * 

In a study .with 105 first graders a group using .manipulative .materials^ 
performed better than groups using taXevision and/or textbook approaches 

f - * , - \ 0 - . > ' ; 

IT f ' ^ 

Cooke, Gary Edwatd\ Conceptual Leariiing in Xoung Children: ^-A Comparison' 
:of the Effects 6t Rote^ Principle, and GuiUed Discovery iltrategie^ 
on Conceptualization in First Grade Children. (University, of 
Oregon, 1971,) Dissertation Abstracts International 32A; 2i?d4t 
Oecenber' 1971. - " , , ' • ' ♦ 

' Twenty- four pairs of. first gradci'rs were presented with a ^series,, of 
five pairs of block designs.; one group was given /attidLbute cues*, a~ 
second group was tol5 the organizing principle and directied to mbdel 
the designs, and a third group was qi»estioned afiout'^'the attributeiT 
and the ordering of the design/ Students only questioned- about the ' 
attributes and desijgn scored significantly better than those told' 
'the organizing principle or .given attribute cues.* 

- • ' ^ \ \ ^ , , ^ ^- 

Coxford^ Arthur Frank, Jr. The Effects of Two instructional Approaches 
on the Learning of Addition and Subtraction Concepts in Grade One. 
(University of Michigan, 19'^5.) Dissertation AbslTracgs "l&T^ 6543- 
6544;, May I960. . . ' * • 

' ' " ' 12.2 ^ .' " - 



^A._llfe-effects^ 6 immediate and delayed symboixzation of, addition arid 
' ' .subtraction cone were studied ^iii six fir.strgrade classes for 

• J r 3l5^/w^ of subtract.!^ greater , 

• — transfer, aridi a did immediate sjhn^bplfzation^ 



t 



'^Xf|Etfeiv .Joseph. Farr^is,, 11. Aa Irivestigatibn of the /iility- of ^Spepially 
. ^ , ' Selected diildfen in :Grades, to Learn Certain Concepts, Oper 
^/ .axid Applications of Directed Numbers.. .(University of Virginia^ 1965.) 
' ' ^ .DtSisert^tibri .Abs1:racts 26: 5907.-5908,;, April 1966i : ^ 

TWp g,upils each' ;frqm; and grade 2 were tutored 

fo^>^18 thirjty-minu sessions.^ All cciild construct a number line, 
arrange iAiole ninnbers in .order^. ar^ .cite some properties for addition 
. 4xs^ing a number line^^. All had* difficulty- learning to .Subtract using 
- ' \-a niimber line or- a ^lide^^ ' - " 

• ^ ■ ■ - 

Crowder, Alex. Belche^^ Jr7V A Comparative Study of Twa?^fethpds pf_ Teaching,. 
,Arithmetic/i^ First. Grade. (North T^xas State J^^^^ 1965* )* 

■ Disseftatiori Abstracts vZ6: '3778; January 1966^ / ' 

- A>grpop of 242 first-grade pupils using: tAe_ Cii£s.enaire 
__^ompared :With- a group , of 183 pupils using a conventfonal program^, 
^^e^^Cffisenaire -group's ^xlthmetic; achievement was; significantly 
greater ({) > .01, ^001)'. Upper ;arid= middle sdc^ioecpnbmic groups . ^ " 
s^QPi?^ "lilgti^^ Jrhan lower SES jgroups. ■ - - _ . 

;Curty}, Richard Dean> Arithmetic Achievement .as a Rihctidh o£ Concrete, . 
SemirCohcrete^ and Abstract Teaching Methods. (George Peabody 
College for teacheris^ i97b.,) Dissertation Abstracts ^International 
^ - 3i^:l:l4032-4633; Febi^r^ ' r . 

-Clock arithnetic was taught to students aged 8 to. 10. Methods providing 
concrete materials or pibtufe*s resulted in greater cqmputatlorial 
; achieyement .and undersLariding of properties than did^a, verbal method. 

Dairy j Lqma. Does the Use of Cuisenaire Rods in Kindergarten^ First ," 

and Second Grade Upgrade Aritteetic Achieveanent ?. ERIC: ED 032 128. 

, Children x^o used Cuisenaire rods in kindergarten scored 3ij;nif leant ly 
. ' ''higher- (p> .01) in grade 2 than did a group taught without using rodsi 

•Dashiell, William H. and Yawkey, Thomas D. Using Pan and M«^thematics 

Balances with Ydung Children. Arithnietic Teacher 21: 61-65; 
, January 1974. 

Forty firstrgrade pupils who used a mathematical balance as a .physical 
r ' - model' for adding single-digit whole number.^ solved a greater nmber of 
'problems correctly than did pupils who had used a pan balance. 



Davidson^ James: Edward* The impact of Selected Concrete Materials on 
. ' the -Under standing of .Certain Mathematical Concepts ty Grade 3: and 

Grade 4 Students.* (ColimMa University/ bissertatioh 

• ' Abstracts International 33^^: 6323; May; i973. - — ^ 

Pupils in grade 3 Jwho were-below. Xhe grade medi^^ inr'lQ had signi- 
ficantly better conservation responses after use of materials with 
the* textbook than did those who used only the textbook' In grade' 4, 
the high IQ group using materials had better consexrvatipn of length. 
-No achievement test differences were found. 



Dayies, Rhys and Williajos^ Phillip. ' A Comparison of Three Methods of. 

Teaching JFract ions to Older Slow-Learners. Educatibhal Research 14; 
236-242; June 1972. . — — — ^^^^ — 

. Nonsignificant differences were found between groups of English 
• slow learners (mean age 11). who used a formal traditionai program, 
the Cuisenaire program, or mulLti-model .materials, except in attitude 
toward fractions, where the traditional prpgrcun scored 'lowest. 

Dawson ;^Dan t\and: Ruddell, Arden K. An Experimental Approach to ^the 
Division Id^a. Arithmetic Teacher 2: 6-9; February 1955. 

For fourth graders,, use of manipulative materials and visualization 
' .procedures for division seemed to aid in achievement. A greater, 
understanding of division and its interrelationships with other.. . 
operations resulted from the study of .division using the subtractive 
concept and*manipulative materials. 

^DeFlandre, Charles, Jr. The Development of a Unit of Study on Place-Value" 
Numeration Systfems, Grades Two, Three, and Four. .(Temple University, 
a?74.0 Dissertation Abstracts International 35A: 6434; April 1975. 



A place-value numeration unit consisting of 27 activity cards was • 
developed; children were led from the manipulation of concrete objects 
to the process of symbolization. Used for nine weeks with pupils, in 
grades 2," 3,, and 4, the units were found to help children^o^o apply 
order and equji valence relations. • ' • ' - 



Denman, Theresa Irene. The Effetts of Special Remedial Classes and Various 
Multisehsory teaming Packages on the Mathematics Achievement of 
Pupils. (The University of Michigan, 1974.) Dissertation Abstracts 
International 35A: - 7025-7026; May 1975. * 

. No significant differences in achievement on addition and subtraction 
computational skills were found between 455 pupils taught 22 lessonk 
with concrete, pictorial, or symbolic materials and having or not; . 
having remedial after-school sessions in grades 5 and 6.. Use of a 
visual aid .appeared helpful, however t ' . ' 
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DeVries, David L. and Edwards, Keith J. Learning Games and Student Teams : 
Their. EfjEects on Classroom Processes . ERIC: ED 070 019^*. (1972) 

beVries, .David L* and Edwards, Keith J. Learning .Games ,and Student Teams: 
~ ^Tifi§ir~Eftects on Classroqui Process. American Educational Research 
Journal ' 10: 307-318; Fall 19J3: ' — 

Using the game "Equations" with teams of seventh graders (n = 110 
•students) resulted in more peer-tutoring ^and .other affective benefits. 

DeVrieSi pavid L. and EdWairds* Keith Ji^ Student Teams and Learning Games:. 
^ *^eir Effects on Ctbss-Race and Cros^-Sex interaction. . Journal of 
Educational Psychology 66.: 741-749; October 1974. ,f = 

Admihisteringpteam rewards to. heterogeneous groups of seventh graders - 
playing the "Equations" game helped to reduce race. and sex barriers 
. 'Inhibiting interaction. ' P \t- ' - ' 

Dexter, John Harry. The DeveTopment^pf a Product for 'the Concrete Manipu- 
' • latipn of-.Negative Numbers. (Columbia University, 19.7^.) Dissertation 
^ Abstracts International 3.6A: 1267-126^;' September 1975. 

- / Implications of theories were examined to determine a se^ of guide- 
lines for cbnstruclting a manipulative material. 



Dilley, Clyde Alan.. A Comparison of Two Methods of Teaching Long. Division. 

(University^ of Illihois at Urbana-Champaign.,^ 1970.) -. Dissertation 
' Abstracts Internatiohal 31A?. 2248; Novemlrer 1970."^ "5 ' 

- Ten fourth-grade classes were randomly s^elected arid aligned to be 
ta^ught (^.ivision using the distributive algorithm "as a meth6d>6f . 
keeping records of 'a natural manipulation of bundles of sticks"/ 
or using tfife successive subtractions' algorifihm as* it was. presented 
in a textbook. On an applications testr, significant dif f€St?ences 
\ favored^ the successive subtractions algorithmpSif f erences on a 
retention test fayored the distributive algorithm. No "differences 
were found on measures of speed arid.. accuracy, nor did eitjier algorithm 
aiinear better for^anv«SES TpvpT . ^ • • • " 



appear better for'^anv'SES level. 



pittmer, Karen Ann. Guidelines^^fox Developing a Mathematics Laboratory. 

(university of .Alabama, 1971.) Dissertation Abstracts International 
, o' ^yik: 5083=^5084; Match .1972. . ^ J 

iResponses j:o specific, questions from state sup^yisors and from 
Jteachers in grades 7 through 12 who used a mathematics laboratory 
i approach were presented. *\ * ^ 



Dunlap,- William Phillip. A Comparison of the Effects of Diagnostics and 
l^emedial Arithmetic Programs upon «the Ach.iavement and jAttitude \ 
* Development of Fourth Grade Children. (University of Oregon ^ . 1971. ) 
Dissertation Abstracts International 32A: 2905r2906; December 1971. 

cj'Fpi' 29 days, 147 fouffch-grade pupils used either a textbook, approach 
= 74) involving paper-arid-pencil activities of a laboratory 
~^ fapproach (n = 73) involving "extensive use of games, puzzles, patterns, 
and. the manipulation of physical objects by children". Oh a stan- 
dardized test, no significant differences were found for concepts 
' ' XP'-- -PS) or .computational , skills (p^ .OL),,- alttiough dlifferences 
/ ;I favor.ed the laboratory group^^on the concepts test. Data^.analyzeii ^/ 
by-vschools indicated that the laboratory approach resulted in better 
^-^ttitudes toward arithmetic in 'more schools. ' ' ' 



Dunlap, William and others. Differential Effects of ActiVityHpriented vs . 
TextbookrOrien ted Mathematics Instruction for Elementary 'School 
Children jwith Learning and Behavior Problems. Monograph No. 4 . . / 
ERIC: - ED 057 546.- :(1971)* ^ V * ^ 

Remediation was done with manipulative aids* or with papef-and-pencil 
procedures. In fourth grades in 12 schools, significant differences, 
were found between schools on almost all achievement data. 



Earhart^ Eileen. Evaluating Certain Aspects of a New Approach to Mathe- 
' matics in the Primary Grades: School Science and Ma'thematics 64: 
. . 715-720; .November ^ " . . * " > — ^ 

The group taught with an abacus, in grades 1 through 3,- and tested in 
grade 3, performed significantly better on. the f undainentals test than 
. did the workbook-raided group. ' * . 



Ebeid, William Tawa^'ros. An Experimental Study of^^the Scheduled Classroom 
Use of Student Self-Selected Materials in Teaching Junior High School 
Mathematics i (University of Michigaa>_1964. ). Dissertation Aljstra^cts 
25:^.^0427-3428; December 1964. : 

For pupils in grades '7 and 8, no significant differences in achieve- 
. ment or attitude were found between groups using School. 'Mathematics- 
Study Group (SMSG) texts with or without self-selected activities 
using a variety of mathematical materials. 

. ' " ^ -^-L.^^ 

Eflwards, Keith J. and DeVries^ David L. Learning Games and Student Teams : 
Their Effects on^Student Attitudes, and Achievement . ERIC: \ED 072 391. 
. ^ (1972) : ' <f , . 



Seventh graders (n = M7) uBing the "Equations" game had more ppsitive 
attitudes toward mathematics classes than d id pupil ? \\^\rivt%-^M'7rr^ . 
Epf. low- afid average-afejJL L L y . pu pils, ceam rewards were viewed^more 



Edwards., Keith J, and DeVries^ P^vid , The -Effects *Qf Teams-Games- 
tournament and .T^^o Instructional Variations, on ClassroomJProcess , 
'Student Attftud^es, and. Student Achievement > . "Report. Numljer. 172 . 
, } .ERIC: W 093,883. (1974) " ^ ' - ; ' , 

Hor seventh graders (n <=*128X, some^ significant ^sitive effects * 
were noted for various scoring conditions when playing the "Equations" 
Tgame. . ' 



Edwards, Keith J.; DeV^tries, Qavid. L, ;^^hd Snyder,- John eT Games and 
Teams; A Winning 'Combination. ^ERIC: ED 067 248. (1972) 

Seventh graders (n =96) using the "Equations" game in four-member 
teams twice a week for nine weeks achieved, significantly greater 
-gains on computation and divergent solutions tests than^did; groups 
r'" haying only regular Instruction. Low achievers did especially 
^ • well on the divergent solutions test. 

Eidson, jWiiliam P. The Role of Instructional Aids in Arithmetic Instruction. 
;(The Ohio State University, 1956.) Dissertation Abstracts . 16: 
269'5-2096; November 1956. - / ^ \ 

. A checklisLt was developed to determine the roi^ of instructional 
aids in the elementary-school mathematics program. ^It was noted 
.that instfuctional aids the^mselves\ seldom teach arithmetic; the role 
, of the teacher in their* use is paramount.. ^ - " 

Ekman, ^Lincoln* George. A Comparison of the Eff ectivenss of Different, 
Approaches to the TeachJ.ng of Addition and Subtraction Algorithms 
in the Third Gra'de. * (Vo.lumes I and II.) (University of Minnesota, 
19,66.) Dissertation Abstracts 27A: ,2275-2276; February 1967 . • 

For 18 days, 27 third-grade sclasses- (n = 584 pupils) were taught 
^ Addition and subtraction by (1) presentation of the algorithm form 
immediately^, (2) developing the ideas using pictures before presenting 
the algorithm, or (3) developing the ideas using child-rmanipulated 
cardboard, disks before presenting the algorithm. ' The classes using 
manipulative materials scored higher on experimenter-designed tes.ts 
of understanding, transfer, "and computational skill. ' ^ . 

Eydy., Elaine Holland. The Effectiveness of a Mathematical Device Called 
"a Tryab on the Arithmetic Achievement of Primary Students. * (The 
University of Mississippi, 1973.) Dissertation Abstracts International 
34A: 1479-1480; October 1973. ' , . 

Use-o^f the Tryab, a pegboard-f lannelboard-chalkboard device, did not 
result in higher arithmetic achievement for 32 first-grade pupils. who* 
were compared on a standardized test 'with another group of 32 pupils 
not using "the Tryab. ' ' - > 
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¥a±iiSy .bah Curry. Toward- a Theory of Sequencing^, Study 1-2: An . 
^^pibration of Selected Reiationships Among the Enact ive. Iconic 
and. Symbolic Mpd6s of Representatipn. (f fie Pennsylvania State 
-iliiiversity, 1970 ♦) Dissertation Abstracts International SIA: < 
, '4618;; ^^arc^ • . ^ • ' / 

Earr<t;s-, ; *Dan C» Study 1-2: Ah .Exploration of Selected Relationships 
j^ohg the Enactive,- Iconic, and Symbolic Modes of Representation. 
.Jduifnal for Research in Mathematics Education 4: 104t105; 
. ^Marcna973/ ' >' ^ - <p 

• , Ihr.a study with 24 fifth graders, mastery of antecedent objebtiyes - 
varyihg in term^ bf which modes (enactive, iconic, symboiic) were 
, . \ Aised ^apparently did hot' Induce mastery of consequent pbj.ectiyes for 
. which no explicit ihstructioh was provided. Order of acquis it ^ . 
of .antecedent objectives .did hot^ significantly, affect the implicit 
c,*- / mastery oM.the consequent objec£ives. , • \ / , 

FedoA.^ John Peter. A Study of the Cuisenaire-^Gattegho Method as Opposed 
to an Eclectic Approach for Promotfrig Gfowth: in Operatiohai Techhique 
and Concept Maturity with First Grade Children. (Temple University, 
1966 .) . Dissertation Abstracts 27A : ^ 377143772 ; May^ 19 67 . - . . 

In ^ study with two classes of first graders (h = 26 pupils) , the ' 
Cuisenair^ program was compared with an eclectic appxoach using such . 

. mater.iais.as/Guisenairer^like but hon-colored rods,, centitneter rulers, 
ahd strings of beads. It was concluded that: (1) the use [of colbr 
inhibited the initial study of rod relationships; {2) .teachiiig of 
mathematical concepts was more effectively, .developed when the 

^ approach utilized a multiplicity of -experiences with a maximum 
4mphasis on manipulation; and (3) while no significant difference in 
mean performance. wa§ found, a trend favored the eclectic group.. 

Fennima, Elizabeth Hammer. A Study of the, Relative Effectiveness of a 
Meaningful Concrete and a Meaningful Symbolic Model in Leatning a ' 
-Selected Mathematical Principle. (University of Wisconsiix,. 196^9.) 
- Dissertation Abstracts international 30A: 5338-5339; June 1970. 

Fenuema, Elizabeth H. The Relative Effectiveness of a Sjrmbolic and a 

Concrete >lodel in Learning a Select ed.^J[athematical Principle. .Jour- 
nal for Research in Mathematics Education 3: 233-238; ^ovemb'i'r^ 1972 

>; • : ^ ■ : : — ' ^ - ' i k ' 

For 14 days, 95 second-grade pupils studied multiplication i^eas 
,using' either symbols only br jCuisenaire rod "trains". , No si^gnificaht 
'/differences were f^und on a recall test, on a concrete transfer test, 
or on symbolic transfer test I, but the sjrmbplic treatment resulted 
in significantly higher achievement on symbolic transfer, test II. 

Fennema, Elizabeth H. Models and Mathematics. Arithmetic Teacher 19: 
■ " - 635-640; December 1972,.' ' • . 
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In* this^'-ii^e^rcli reyiew, it. was concluded^ that research, appears to 
indicate tli^^^ie ratio of "concrete to symbolic inotiels used to 
coAvey matheinati:^i5Ll should reflect the developmental level of 

the learner. It is^uggested that alternative 'models be available 
so that the learner can>elect the most meaningful one for him. ' 



Fenhenia, Elizabeth. MaMpulaf ives in the^^C^^assroom. Arit hmetic . Teacher 

•20: 350-352; May 1973. / " 

> ^ - , ^ 

The use o'f manipulative materials 'in the classrbom is discussed, 
.with reference to research, findings and implicatiofc 



/ 



Pinley^ Careen Joyce. Arithmetic Achievement ia Mentally Retarded: <^iildreh: 
The Effe^ct^ of Presenting the Problem- in Different Contexts. (C&^b.ia 
University., 1962. )' Pissertatioh. Abstracts '23: 922; September 196^ 

In study with 108 pjiipils^ in third grade, test items presented with 
cdiicrete materials tended to be moire, difficult for retarded pupils 
than those either pictorially or sj^mbplicaiiy presented, but differences 
were not significant. For norm^al children (n ^ 54), the pictoriklT^ — ~ 
item was significantly easier than either the concrete. or^the symbolic ^ 
• V* -item. 



Fisheil> Fxahk E. The Effect of a Math Trading Game on Ac)iievement arid 

/Attitude .in Fifth^Grade Diyisioa. (Michigan State ^University, 1975.)'^ 
Dissertation Abstracts International 3''6A: 3382; December 1975. ; 

Use of a trading game on division for 15 days did not sigriif icantly 
^> improve achievement or attitude for fifth graders (n ~ 8 classes). 



Fitzgerald, William. Self-Selected Mathematics Leafrijng Activities . 
ERIC: ED 003 348. (1965) ^ ^ ^ " 

_ Bright students in grades 7 and 8 did not learn as much ^in the self- ' 
. selection classes as, did those xn convex ional classes-. Slower 
students (below 115,. IQ) learned equally well in -both , classes . 



Fitzgerald, William M. About Mathematics Laboratories . EkiC: ED 056 895. 
' -(1972) 



Research on mathematics laboratories is reviewed, including research 
on manipulative materials. ^ . v ■ ' ' , 
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Frafy, Robert B." Formative Evaluation of the Individualized Mathematics 
• System- (IMS) ., ERIC; ED' 059 096-. (1971) 

•* ' - , * 

„ IMS J,- in. which reusable worUpages guide students individually, "often ^ 
; . using manipulative inatefials*^ was evaluated early in its development. 
; - From -the xe|)orts of two outside evaiuators, teacher reactions, r 
, ^ coo;r^inator' coinments, and extrapolated achievement test results, 
"' it was fippprted that IMS. is meeting most of its goals. 



Ffeitag, Richard Alan. ^ Case Studies of a Teaching Model: Teaching Through 
vGames. (State University of New York at Buffalo, 19H.), Dissertation 
-> Abstracr.s International • 35A; 98; July 1974. ^ . ' — 

, Six ^case studies using games were conducted.^ A .function r>game was 
- used with six fourth graders and a fprm 9 f Bingo was used^with two/ 
sixth-grade Iclasses (n = 63 pupils). Reactions and scores are d±s\ 
cussed in re'].ation to intervening variables and hypotheses^. ^ 



Gau,, Gerald Elmer. Toward a theory of Sequencing: StudyVl-tf. An Explora- 
tion of the Effect of Instructional Sequences Involving Enact ive and/ 
Iconic Embodiments on the Attainment of Concepts Embodied Symbolically 
/ (ihe_Pen State University, 1972,.) Dissertation Abstracts. - 

f nt er na t lonaT - -33A J> 7 28 ; June. 1973. ... * ^ / ' _ 

This^^^stiidy was conducted in conjunctSiTwith 

using the>aine basic design; 81 students not' given 'treat SenEs^by- 
BekrdslGL^, bur^-^izgni 'the same fifth 'and sixth, grades, were; involved. 
After in'struction oVereach set of qbjectiVes, students were given 
a transfer test of the syml^licaliy embodied objectives for that set. 
Nonsignificant dif f erenoes (^r^^^ 15) w:ere found between the use of 
one, two, or three concrete embb^l^nents oh tests of transfer. 



Gehkins, Elaine Frances. A Comparison of Two Methods/of Teaching the Con- 
^ cept of Bilateral Symmetry to Young Children. (Columbia University,' 
1971.) - Dissertation Abs'trac^s International 31A: 135^l'356; Sep- 
tember 1971. . ... ' ■ 
^ In a study on bilateral' ^symmetry, 185 children from kindergar1:e|i and 
'grade 2 were individually trained and* tested^ , The paper-folding' 
; method was more effective, than* the mirror method at the kindergarten 
le,yel; the mirror method was effective in teaching second graders to 
discriminate .more types of figures. ' . - 

" / ^ ' ' ' ^ " ^ ^ /. ' 

Gibb, E. Glenadine. Children's Thinking in the Process of Subtraction. 
I Journal of Experimental Education 25: 71-80; September 1956. 

^ ' The ways in Vhich 36 second-grade pupils thought' while performing 
subtraction was explored. It was found that performance was better 
•on problems in a s'emi-concret^i 'context tjian in k concrete context, 
while the children 'achieved least well on problems in an abstract' ^ 
context." ' . . . ' \ ^ ' ' *\ 



-Gilbeirt, .Robert Kennedy. A Compar.isoh of^.Three Instructional Approaches 
\.U^ing Manipulative Devices in Third GradeMathematics^ (University 
of Minnesota, 1974.) Dissertation. Abstractslhterhationar 35A: 
' '5i89-5190; February 1975; - ' 

/ Jp. one school, tly.^d graders (n = 124) manipulating materials ' 

.ihdiviUually for additipp and subtract idii with two-digit numbers ^ 
. , $c6red significantly higher than students watching the. teacher 

manipulate materials ox handline materials in groups- of fpur or i 
\ Mve children. In a second school, no significant differences^^ 

^ . were, found. , . ' . ' 

— Gipsoh, Joella.' Use^ of the, Environment and Discovery in Teaching Decimals 
to .Second Grade Children. School Science -and Mathematics^ 71; 
73?-741; November 197l'. ' ' " - ^ ' ' \ \^ 

~ ^../.Use of familiar situations and manipulative materials resulted, in a 
^.mean score of 14^75 on a 20Tltem test on decimals .for the second- 
I' ^ ^> grade- class-, studicrl.. . • - . * . 



Gray.,v_ Theresa ^lari^. A Field Study of Mathematics Laboratory Development, 
in- Youngs toxm, Ohio. (University of Pittsburgh, 1973.) Dissertation 
. Abstracts Jnternation al 34B: 1184-1185; September 1^73. ERIC: 
' ' ' ED; 085. 267. , ' ^ ^ . • 

' , . ' 

. Evaluation of an elementary-schoo^J. .laboratory program^ in three 
schools indicated Xhat it "was contributing to the improvement of 
attitudes and achievement of .quite a few mathematically deficient 
^' students'*. , . * . 



Green, Geraldine Ann. " A Cdmparisoix of Two Approaches, Area and Finding 
J a Part of, and two Ins£rCictionai'Jla£erials, Diagrams .and Manipulative 
Aids, on Multiplication of /Fractional^ ^Number^s^n Grade Five. 
^ tUniversij;y of Michigan, 1969.) DissertationAbstracts Tri'ternational 
31A: 67(^-677;. August 19Z0. 



In a 12-day study, 120 fifth graders wer(^ taught multiplication with 
fractions by one of two approaches, one based on the area of a rec- 

r tangle and the other dependent on' finding €he fractional ' part of a 

region or set, uS;ing either diagrams or cardboard strips. ^In general, 
-the area/diagram combination waSy most successful, the fractional-part/, 
cardboard-strips combination was second, while the fractional-part/' 
'^diagram, combination- was- poores^t^. , ■ ^ 

• ■ I . ■ . ' . '.■ 

,,Gre,en," Robiirf Wesley. A Survey of the Mathematical Instructional Materials 
. Used in Teaching Culturally 'Disadvantaged Children Grades 1 through 
/ 6 Throughout thfe' United States . (Indiana University, 1969.) Disser - 
. tation Abstracts Interhationaf 31A: 1101; September 1970. 



Qyestionriaires and interviews with 232 elementary-school teachers 
^ provided>>data on the availability, purpose, and .extent ^6f use of ' 
^^.59 .instructionar materials. An, average of 38 per cent ,were furnished 
' by the schools, with most (^3%) furnished to grade 1 and least (35%) 
to.^ grades 2 and 6, .Aji' average of .49% of the^,materials , wdre used by 
teachers, with 28% used freqtlently - Sixth-grade.'ieachers used 
materials more for -demonstration, wfiiler'in other '"grades they- were 
used most frequent] y for^stude^^ manipulation. Teache'rs in grades 1, 
^;an'^ 3 liste^^more materials and activities used successfully with 
culturally disadvantaged children than' did teachers of the upper grades 



^pl'l^V^'- Leona. Methods and Materials of a Mathematics Program for ,the' 
Disadvantaged and Underachieving Child. (Michigan. State University, 
1966.) Dissertation Abstracts 28A: 154-155;" July 1967. 

Teaching by a "concept" method using models and aids irT a five-week 
sutraT\er camp was more, effective for fifth graders^ than for fourth, 
grad:^rs^wheri achievement scores wei:e' considered;, while attitude changed 
positively, for both groups. 

vHapklns,- Donald* David, Jr. A Fourth Grade Mathematics /Program for thildren 

from Impoverished Areas .and Its Effect upon teaming. ' (United States 
, / International University, 1969'.) Dissertation Absc^-acts Internat ional 
; 3PA: 2249; December 19691 ~ r » ' ~ 

A program designed for fourth-grade disadvantaged pupils, stressing 
^ ^success, concrete-^^o-abstL-act development, simple language, reduced 

^,Teading, and activityV^r^^ulted in significant*' differences, from' a 
.* control group in learning concepts and in overall achievement. 

Harap, Henry and Barrett, Ursala. Experimenting with Real' Situatiojis in 
/ . .,;!^Th±Tdrt^dB-Arlthmetic. Journal of Educational Methods .16:^'^ 
188-192; January 1937. ^ ~ ~ 

,A third-grade class (n *= 43) taught through activity units attained 
a mastery, of 93^ of the steps set up as'* a j?oal for* the grade. 

' ■ i ' 

Harap-,_Henry and Mapes, Charlotte E. The Learning of Fundamentals in an" 
Arithmet-icL^tivity P^rpgram. ' £lementary School 5.ournal 34: 515- 
5125; March 1934^ 



In an activity program based on'real situations,, fifth-grade puplls^ 
^(n"= 37) mastered 84% of the processes^on-a^test of denominate numbers 
and multiplication and division with ffactions^^---.^ 

Hafap, Henry, and Mapes, ^Gharlotte F. The Learning of Decimals in, a * - 
Arithmetic Activity Program. Journal of Educational Research 29: 
. 686-693.; May 1936. ' 

'] 132 ■ / 



' In a. program of 13 units based on real sitiia-tions iiicorporatihg, 
fundamentals of decimals, sixth-grade pupils (n - 39^ attaineil 
.mastery of 96% of the T) basic processes* A "control group" of 
IZ.pupils matched with 12 pupils in- the activity groiip achieved/ 
only '67% mastery. ^ ' _ * * \ ^ ' I ^' 



Harding ,-JLo wry W. and Bryant, Inez P. An Experimental Comparison of 

Dtiil'^and -Direct Experience in Arithmetic Learning inla* Four.th Grade.. 
Jour.nal of Educational Research 37*: 321-337; January^ 1944 * 

The fourth-grade class taught by functional experienced achieved 
slightly higher gain scores than the class taught by dr^ill. 

//Hi" ■ ; , 

Harshman, 'llardwick Wilton.. The Effects, of Manipulative. Materials on 

Arithmetic Achievement of First-Grade Pupils. (University of = Michigan, . 
*i962;!) DissertationVAbstracts -23,: ISO; July 1962.' \ 

Harshman,, Hardwick W.; Well'sv^David ; and Payne, Joseph .N. Manipulative 
* Materials and Arithmej;^ Achievement in Grade 1. Arithmetic. Teacher 
. 9: 188-192; AprdjL 1962. „ ' ^ ^ : - ; 

Tx^enty-hine fi-fst grade classes (n =^ 654 pupils) were, taught by 
(1) a commercial set of materials. oF-h^Lgh comparative costi (2) a 
set of inexpensive manipulative tnat.eri^ls, or (3) "teacher-selected", 
homemade^ manipulative materials. No si-jgnif icant differences between 
the three programs were found in mean scores of classes on achieve-^^ 
, irient or -attitude measures. Using 'individual scores, .significant 

differences favored the, use of the teacher-selected, homemade materials 
cn some sub tests,,, even -though more content was cqvered in the ^ other 
two programs'. ■ . ^ \ 

Harvin, Virginia Raines. Analysis of the Uses of Instructional Materials 
^ by a Selected Group cf Teaphers of Elementary School Mathematics. 
(Indiana University, 1964.) - Dissertation Abstracts (25: 4561; 



February 1965. 



Questionnaires wer.e used to secure in^prmapion rom 51 elementary. 
' - schools', teachers In grade indicated more use of manipulative 
materials, than pictorial or symbolic mater.ials, which. were used 
.niore by teachers^ in grades 2 through 6. Nevertheless, teachers at"^ 
all levels checked "student manipulation" as tl>e^ost frequent us^ 
^of materials. • . • * • 

Haynes; Jerry Oscar. . Cuisenaire Rods and the Teaching of Multiplication' 
. to Third-Grade Children. (Florida State University, 1963.) Disser- 
. ^ tation^ Abstracts 24: 4545; May 1964. ' * 

Five third-grade classes (n = 106) were^ included in this six-Week 
comparison of the Cuisenaire program with the conventional program . 
for instruction on multiplication.^. In general, the Cuisenaire program 
was found to be 'no more effective than conventional instruction. 



Henry, Kermtt Maxson. The. Effect of Games .on Cognitive Abilities and on 
Attitudes Toward "Mathematics. (Oregon State University, 1974,) 
DigSertation Abstracts .International . 34A: ^025; January 1974. 

' r " , / ' ' *- ' /: ■ _ . ' / 
No significant differences in achievement or .attitude were. found 
•;Ju. -between- groups of seviahth graders (n = 182) who used or did not"'use 
. the-'games-^^EquationsV- or "Tac-Tickle". 

Hicks, Enfi^id^omas. The Relationships of Student. Characteristics to 
Achievement' in a Junior High School Mathejnatics Laborat9ry. (West 
yifginia University, 1974.) Dissertation Abstracts International 
.36A: 2077-2078: October 1975. \ N 

Nq single factor could 'be used to identify those students in junior 
high school who achieved well in a manipulative -approach to mathe- 
matics; the best model (provided for optimal placement of only 72% 
. of" the students* > ' . , ' . , 

,• ' : ■ . ■ ; ■ ■ " ' 

Higgihs, Jon The Mathematics Through Science Study; Attitude Changes 

in a Mathematics Laboratory. 'School Mathematics 'Study Group Report 

Number 8 > ERIC:- ED 064 174. (1969). ' ^ ' ' . \ 

' . • c • 

Higgins, Jon L. Attitude Changes in a Mathematics Laboratory Utilizing 

a Mathemati^s-Through-SciencG Approach* Journal .for Research in 

- Mathematics Education 1: 43-56"; .January 1970.^ 

Significant differences were found^ on six attitude scales after 
eighth-grade instruction in a laboratory setting. When data were 
analyzed in terms of naturally occuring attitude groups^, however, 
no significant relationship to achievement was. found. 

■ r ■ ?- 

Hirschbuhi,^ John Joseph. Toward a Theory of Sequencing? Study 1-5: 

An E'xploration of Selected Transitivity and Conjunctive Relationships 
Among the Enact ive, .Iconic and Symbolic Modes of Rejjresentation. 
(The Pennsylvania State University, 1971.) Dissertation Abstracts 
Ihtefnational 32A:--^ 6202; May 1972. . . . 

\ . . , ' . / , ^ ■ 

With 42 fourth graders,^, transfer to related but untaugHt objectives 
was not found to occur for six of eight clusters of objectives, * 
' varying in term^ of which modes (inactive, iconic, sjrmbolic) were 
taught. . ' ^ - 

Hollis, Loy^e Yvorne* A Study to Compare the Effects of Teaching First 

Grade Mathematics by. the Cuisenaire-Gattegno Method with the Tradi- 
. ^ tiqnal Method. .(Texas Technical College, 1964.) Dissertation 
^ Abstracts 26: 905-906; Au'gust 1965. . 

In a six-month study with 12 classes in grade 1, the Cuis.enaire pro- 
gram ^was compared with the traditional program.. .Pupils in the 

■ . 13n ■ ' 



Cuisenaiire program learned as much traditional subject-matter as 
pupjtls having the traditional program; they also acquired additional 
.concepts and ^ki!'*':-.. \ . " ^ 

Hpllis, Loye Y» k Study tp Compare the Effect of Teaching Eir3t and 
. Second uradeyMathematics'by the Cuisenaire-Gattegno MeLhpd with a 
Traditional! Method . School Science and Mathematics 65 : 683r687 ; 
November 19^5^^ \ * * ^ ^ .^v • • * ^ . 

• ■ ^ J - . \:— - ■• . - - 

With firsthand second grades (n = 9 classes), the Cuisenaire methqd 
* taught traditional subject matter as well as did the traditional 
method^ whilk those taugj^t by the Cuisenaire method s^lso acquired 
additional concepts and ^Kllls. ^ ^i' • . > 



Hollis, Xoye/ Y. A Study-of the Effect of Mathematics Laboratories on 
■the Mathematical* Achievement; and Attitude of ElCTentary School 
Students, Final Report , ' ERIC; ED 066 315, (1972). s ^ - 

^ "No significant difference was found between scores* of pupils , in 
grades 4, 5, ^and 6 us^jLng or not using laboratories for' 36 weeks, 
but differences between schools were noted*. ^* ^ 

r ' , ' * 

■ ' V 

Holz', Alaii W. Comments on the Effect of Activity-Oriented Instruction. 

JourriaJ. for "Research in Mathematics Education 3: 183-185; May 1972, 

This, critique of Moody, Abell, and Bausell (1971) raises questions 
> about the validity ,6f that study for testing either any established 
theory or activity-oriented instruction. 

Hopkins, L. Thomas .^^ Learning Essentials in an Activity Curriculum. 
,<? Journal of Experimental Education 1: , .298-303 r June 1933. 



Children in grades 2 through 8 (n = 2,434) taught m an experience 
curriculum achieved scores comparable to the norms established for 
thos,e taught in ,a traditional curriculum. \ ' ' ' • . 



Houtz, John Charle^i Pro.blem-Solving Ability of Aclyantaged arid Disadvan- 
taged Elementary. School Children with Concrete\ and Abstract Item 
Representations. (Purdue University, 1973.) Dissertation Abstracts 
'* -- International 34A: S717; March 1974. ' • ; ' ' 

f Models, slides, and picture-book forms of problem' items resulted in. 

higher performance than the abstract' form for'l, 203. pupils' in .grades 
/ 2 and 4. ' • . * 

Howard, Vivian Gordon. , Teaching Mathematics to the Culturally Deprived ^ 
j ^ and Academically Retarded Rural Child. (University of Virginia, 
^ 1969.) Dissertation AbsjCracts International 31A: 294.-295; July 
1970. ' • . ; 



' l^?the«atic5 laboratory experiences, nlahnea to- facilitate learning • 
.•a^irierarchy of needed concepts, :e sdecessfui, resulting in both 
achievement^ and attitude gains tor. 'the* 12 olementary pupils involved. ■ 



Hubi^arctf^-W* Donald and Buchaii3ni' Anne -"E.^.„ DeveloplnK. Mathematical Processes ; 
1972-73 Field Test Report s TechnU:cal Reppi^t No. 324. Madison:: ' 
Wisconsin Research \and Development Center for Cognitive Learning, 
1975t mC: ED 113 263/ -i \ ' ' . 

y ' • • 

This field test of DMP was conducted with second .graders in, eight' 
schools, A mastery level of 81 percent was found,/but\ data on. 
•standardized achievement tests did not conclusively favor either 
DMP or 'conventional, programs . ' , ^ ' 



Hulten, B*»rina H. Games and Teams: . An Effective Combination* in the CiassT 

,/r -room ./ ERIC; ED 090 927. (1974) \ ; / . " 

' * * ^» 

Eight classes (n = Z40 pupils) in grade 'i^ played' a modif ied gam^ - , 

/ ^ of "Tuf*L using individual or team competitio^u^^ with^^individual jor \ 

team practice. Jhdse having team ;Competitioiii 'showed si^ ' 

' V great ier^ improvement on a standardized achievement test. , ^ ^ 

! V ... * , 

\ - ^ " * , ' * ^ ^ * ' ' ' 

Jamison, King WellSi Jr. the Effectiveness of a Variable Base Abacus, 

for .Teaching* Counting in Numeration Systems Other Than ;Base' Ten. , 

. J (George Peabody College for Teachers, 1962%.) Dissertation Abstracts 

' 23; 3816; April 1963. ' ' * . V \ / J 

Jamison,. King W. An Experiment with a Variable -Base Abacus. Arithmetia 
Teacher 11: 81-84; February 1964. \ ,^ ^'^ . . * " . ^ 

A variable-base abacus was used for five days in one seventh-grade ' 
class by the pupils, and for^ demons tratiqn^,% the teacher in .another 
class, while ^a third class used only the chalkboard.. On experimenter- 
developed tests, no significant differences were fpund between groups., 

' . • . ' . ^ - * ^ _ ' . . 

Jencks, Stanley Morris. The Construction, and Validation of Geoboard 
Investigations, a ^Prpgrammed Apptoach to Laboratory Materials in 
^ Elementary Mathematics. (University of Utah, 1968.) Dissertation * 
. Abstra^cts 29B*: ^ 2975; Febnary 1969. • * ' ^ 

A text on geoboard investigations was written l)y the researcher and 
; 'r validated with fifth-grade students.- . * . _ 



Jeirsild, A.T.. and others. . An Evaluatioji^pf Aspects Af .the Activity Program 
in New York City Elementary Schools. Journal of Experimental Education 
:8^: 166-2q7;^pecember 1939. ^ 7. '; \ , ? . 

' * ' *■ ' * 

^jStudents in grades 4 through 6 in a non-activity program maintained 
^ a substantial4 advantage over.' those in the activity ^program. 
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Jphnsphi Randall Erland. -TKe Effect of Activity Oriented. Leesons oh the 
V' ^^i^'^'j^^^^^rana Attitudes of Seventh Grade Students in Mathematics 
^ ^(-eiflvetsity of Minnesota, 1970.) Disse^rtatlon Abstracts I nternational 

32A: - 305; , July 1971 • T": "^^^^^ ^^TT — : • 

' . ' " : ^ . i - ^^^XZ . ' " 

lV/^>. ;, J . V ^%tivity-otiented instruction did not appear .to be mote eff ective ' ' 
for :sev en th graders (n = 160 students) than instruction with little 
,^9^ ?9 emphasiy on activities for units" in number theory,, geqmetrv, 
measurement, and ^rational numbers. " \ . - ' ' ^ 

' V . • ^ ' ^ * ' i ' 

Johnsprf, Robert JLeb. Effects of Varying Concrete Activities ori Achievement? 
of Objectives in Perime.ter , Airei, and Volume 'by Students of Grades 

- Four, Five, and Six. (University, of Colorado, i970. ) Dissertation ^ \ 
Abstracts International 31A: 4624; March 1971. . ^ U 

Foa: four weeks, 96 pupils , in. grades 4, 5, and 6 were taught concepts '^'l ^ \\ 
oh perimeter, area, and y'oliiine using- (1) a semi-programmed text ^. | 
plus two. set s^of physical models and- instruments, (2) ihe same textj ^ \ 

- ^."E ^^9 models, or (3) only the text with drawings knd illustrations^ . -J.^ i 
' • deleted. Significant dlffeirence^ (if < .01) fayqrid the group using' !Y \ 

the physical materials-tnr^oth iiipediate, learnihg/and'^^ Irest^ .^^ . - 



\ - 



i^/ /-Jones, Graham Alfred. Th^Performances of First, /Second, and Third Gradet^ 

^ • \ Children on Five Concepts of Probability arid the Effects of Grade,, "} 

. \j - ;T/Qt and Embodimeijts on theif Performances. , (Indiana Universlt\'-,- , 
1974.) Dissertation Abstracts International 35A: 4272-4273; ^ 
' ' >^'January 1975. 7 ^ ^ ^ - " 

^^ \ ■ ' Host pupils (n = 162) in the primary grades had begun to acquire 

some concepts of probability, tested with three types of manipulative 
, ' . ' ^ materials. Use of varied settings appeared necessary. , , 



Jones, Rowen Cox. A Diagnostic-Manipulative. Instructional Program for. 
Teaching Addition^^and. Subtraction to Six Emotionally Distur'bejfi . . ' 
Children: A Case^Study Approach. (University of Oregon, 1971 .) 
Dissertation Abstracts -International 32A: 5071; March 1972. 
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Jones, Rowen C. and others. A Diagnostic and Activity Based Arithme tic • 
Program for Emotionally Disturbed Children . ERIC: ED 057 547. 
(1971) ■ 

In a 38-day study with six emotionally disturbed children aggd 7 tp 
11. physical models,* manipulative aids, games, and othei: materials 
vere used by teachers and pupils. Achievement and attitudes bo.th 
imprbved. 

> -, • 

"Kaiser, Virginia Ruth Stone. An Exploratory Study. of ' Selected Spoken 

and Unspoken Behaviors in an Inner-City Mathematics Laboratory for 
Underachieving Students. (The Ohio State University, 1974.) Dls- 
serta tion 'Abstracts Intern at ional 35A: '2652t2653; November 1974.' 

■ • ' 13V - 




■^Usirig -an observation .system, 125 mathematics laboratory, lessons, were 
obser^/ed. More, than 65% of time in the junior higli school laboratory 
. was spent^ihiindiyiduai student substantive behaviors and teacher ' 
. Interactive substantive behaviors. As students reached higher levels 
of cognitive performance/ teacher l)ehrfvlbrs^seemed to be more indirect 

jKapperman, Gaylen Gerd, A Comparison of Three Methods ofc Arithmetic 

Computation 'by the Blind. (University of Northern polorado^* 1974.) 
Dissertation Abstracts. International 35A: 2810-2811; November 1974. 

After five weeks of instruction with 16 b'lind students from grades 
5 through 12, "use of the Cranmer Abacus did not appear as effective 
as use of the Braillewriter and mental computation, which had been 
sused for years. . ' " • " - 

Karljh, Marv The Development and, Utilization o£ a Card Game . 

.for-:Teaching Prime Factorization in the -Fifth Gradk. XUniversity 
of Colorado', 1971.) Dissertation Abstracts International 33A: 80; 
^ L July. 1972> ' \ . ^ 



Use of'-a c^rd -game with £if th graders in two '^schools was. as effec- 
iive^'as. a, textljook-oriented approach in fost^ering recognition of" " 
the;\Euri4^ental Theorem oi 'Arithmetic. ""'^ - . 

kelle^house;^ Kenneth' Douglas, Jr. The Effects of Two Variables on the' 
Problem Solving Abilities of First Grade and Second Grade ChMdren. 
' . (Indiana University, 1974.) Dissertation Abstracts International 
35A: 5781; March' 1975. 

'For^first graders, problems, with sets wit> three different names 
were more. difficult than problems -^ith sets having the same name./ 
^For second graders, use of a visual aid affected difficulty. level. 



Kerr, Jpseph Jackson, Jr. British and American Arithmetic Devices for 
the. Blind ~ An Analytical Descriptdoh. (Temple University, 1974.) 
Dissertation Abstracts International 35A: 3553; December 1974. 

Devices used by the blind from L700 to the present were evaluated. 

Kief en, Thomas E. Activity Learning. Review of .Educational Research 39: 
' .509:^522; October 1969-. 

Studies on discovery learning and teaching in mathematics and on 
' manipulative learning in mathematics are discussed, with a critique^ 
. and recommendations.- 



kiereh, Thomas E» Manipulative Activity in Mathematics Learning. \ Journal 
• 7 for Research' in Mathei^tics Education -2: 228-234; May 1971.' ;^ 

In this research review, the place of m^iipulative activity in the ? 
* » instructional, sequence and its value in promoting, learning ace 
discussed. 

•Knaupp,. Jonathan Elmer. A Study of Achievement and Attitude of Second 
Grade Students Using, Two Modes of Instruction and Two Manipulative 
Models for the Numeration System. (University of Illinois:^ar^Uan!a- 
. Champaign, * 1970.) Dissertation Abstracts International 31A: 'o471; ' 
June 1971. . J^^^ ' j : . - 

1 ' 

Knaupp, Jonathan. A rStudy of Achievement and Attitude Second Grade_ 

Students Using Two Modes of Instruction and Two Jlanipulatiye Models 
-for the Numeration System. .Illinois School Research^ J5: 27-33^ 
^Winter 1972. . — i ^"'^ " \ ' 

For second graders in four classes, both teacher-demons^^ration and 
^ student-activity mo'des with either Dienes blocks pr sticks resulted . 
. in significant gains in achievement, but | there were no significant 
differences' between the^ two in either achievement or 'attitude* 



.Koch, Richard R. MICA, :.1972-73> '-t)utcome Evaluation Report . ERIC: 
m 092 381. (1973) / I ^ 

Manipulative materials were iised in conjunction, with small grou^ 
instruction, lisrtehing stations, and btlher procedures. No signifi- 
cant differences in 'achievement or attitude were found. _ : 



Krairojananan, Sompop. The ^^athematical Behaviors Derivable from the 
Program of Unified Science .and Mathematics, for Elementary Schools. 
(Michigan State University, 1973.) Dissertation Abstracts Inter- 
national ' 34A: 5746; March 1974. / 

-It was felt, thac the four USMES units studied for nine weeks by tKe 
elementary-school pupils x^ere effective* 



Kratzer, Richard Oren,. A Comparison of Initially Teaching Division Employ 
"ihg the Distributive and Greenwood Algorithm with the Aid of a , 
^ Manipulative Material. (New York University, 1971.) Dissertation 
Abstracts International ^32A: 567*2; April 1972. 

Kratzer, Richard 0. and Willoughby, Stephen S. A Comparison of Initially 
Teaching Division Employing the Distributive and Greenwood Algorithms 
with the Aid of a Manipulative Material*. Journal, for Research i n 
.Mathematics Education. 4: 197-204; November 1973* 
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"^Six classes of fourth graders were taught the distributive algorithm.' 
for , division while six classes were., taught the successive^subtiractions 
(Greenwood) algorithm, both as a methpd* of keeping records of mani- 
/^'ulajfing bundles of sticks. ^ No significant difference was found . 
Between the -two algorithms on achievement of familiar problems, on* 
imeiediate or retention tests.. For urTfamiiiar problems, the distribu- 

- tive group_,had bet t(er understanding of . the process. ^ ' 



Kuhfittis, Peter Kurt Frijedrich. The Effectiveness of Discovery Learning 
in Relation to .Concrete and Abstract Teaching Methods in Mathematics. 
- UCeorge Peabody College for Teachers, 1972.) Dissertation AtrVtracts 
/ international 33A: 1323; October 1972i ^ * , 

r ^r--— _ . ■- • : . . . • 

Kuh|ifctig,: Peter K. F. The Relative Effectiveness of Concrete Aids in 
Discovery Learning. School Science; and ^^athematic;s 74: 104^108; 
• l^ebruafy 1974. . - , - \, - 




coitcrete aids with intermediate guidance appeared preferable to 
use-^i>f" aids, with maximal guidance. / 

f 

— - '*^/" - - ' . ^ 

LeBla^c, John Francis. The P^,rformatices^ pf First Grade Children in Four 
LevelS; of Conservationi^of Numerousness "an'd Three I.<V. Groups T^hen. 
"Solving Arithmetic Subtraction^ Problems . (University of Wisconsin, 
i?68.') Dissertation Abstracts i29A: 67; July 1968. 

■r • ■ ^ '\ ~ o • * * ^ 

^The performances of 338 first-grade children in,^ solving problems 
inyolving subtraction situations were analyzed^ Problems with no 
aids and no transformation were significantly more difficult than 
all other problem types; problems with aids (either physical or 
pictorial) and a transformation were significantly easier. Children 
with low levels of conseryatioh and those with low IQs were more 
dependent on aids and transformations; 



Lerch, Harold H. ' An Activities and Materials Based, Non-Text^Mathematics 
Program for Kindergarten . ERIC: ED 063 973.. (1972) 

Activities ^nd use of manipulative materials were stressed in this 
number program for kindergarten pupils. The experimental group had:,, 
significantly better (p <[ .05) matching skills and greater ^number 
knowledge and skills. ' . 

Lesh, Richard (editor). Cognitive Psychology and the Mathematics Laboratory 
Columbus: ERIC Information Analysis Center for Science, Mathematics, 
and ^ Environmental Education, 1974. ERIC: ED 108 893. 

In this collection of papers from a* symposium," research on mathematics 
laboratories is discussed in relation to psychological theories. 



Lewis, Marian, teaching Arithmetic Computation Skills. Education of the 
• " %sually Handicapped 2^ 66-72; October 1970. 

A survey of computational aids used in'classe/s for the visjially^ 
handicapped is reported.- > ' i-^ 

Lucas, James Stanley. .The Effect of Attribute-Block Training on Qhildren^s 
Development of Arithmetic' Concepts. (University of California at 
Berkeley, 19^6..)' Dissertation Abstracts 27A: 2400-2401; Fe}>ruary 
. 1967.'^ ' ' \ , ' . * 

Attributk-bXqck training was compared with the Greater Cleveland Mathe 
matics Program in eight first-grade classes. Attributerblock, users^ " 
were better" \able._to conceptuaiize addition and subtraction, were not 

■ as^good in^computation, were no better on verbal problems, and were 

• sfightly better in multiplication. ' -r 

LuCow, William H.. Testing the Cuisenaire Method. , Arithmetic Teacher iO: 
435-438;'^ November 1963. ' - . . ' • . _ _ _ 

Lucpw, William H. Ari Experiment with the Cuisenaire Method iil Grade Three I 
American Educational Research Jou rnal 1: 159-167; May 1^64* 

= : - - ^ 

In a six-wee.k study with 12 classes of third graders, the Cuisenaire 
method resulted in^ significantly highe^ achievemehC than the 
traditional^inet;hod in teaching multiplicatipn and division; however, 
these^ difjEerences could be attributed, to the previous experience 
given the Cuisenaire group. Both methods^ produced significant gains. 

. ' \ 

Macy, Murray. The Effectiveness of Representative Materials and Additional 
Experience Situations in the Learning and Teaching of Fourth Grade 
Mathematics. , (Mew York University, 1956.) DissVrtation Abstracts 
^--17: 533-534; March 1957. • \ . . 

Pupils from one fourth-grade class (n = 28) were matched with those 
from another four th-gra'de" class, with each group alternating use 
and non-use of manipulative materials^^and an "enriched experience 
program" for two-week periods. No significant difference (p ^. .05) 
^ in achievement was found between the groups either during or following 
the treatment period. ' ' ' . 

I 

>• 

Matthews, Larry Allen. An Evaluat^ibn of the Effect of Using Supplementary 
. Activity-Oriented Materials on Student Achieveinent of Mathematical 

Competencies for Enlightened Citizen*?. (The University of Nebraska- 
, Lincoln, 1974.) Dissertation Abstracts International 35A: 2543- 
2544; Ntiveimber 1974.. , 

Forty-two classes in grades 7 through 9 used NCTM activity-oriented 
- materials for low achievers. After pretesting, teachers of 

experimental groups were sent information on the competency areas in 
which each Student was deficient, plus lists of activity-oriented 
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^materiais to help- students achieve thes6 competenGies. While 
.\ significant increases in achievement were found for some subgroups, 

ih^none of the 48 competency area's was^ there a significant difference 
.in achievement between experimeiitaT and control groups. v 

McClure, Clair Wylie. Effectiveness of Mathematics Laboratories fpr 

Eighth .'Graders. (Ohio State University, 1971.) Dissertation Abstracts 
^ International 32B: 4078; January 1972. ' 

" The effectiveness of pre- and post-laboratory experiences on, achieve- 
ment differed for 146 eighth graders in six classes in two sc^iools. 
Generally,, student attitude was favorable toward the lessons on; fracr- 

* tions',. geometry, and ratio a'nd proportion. * , * * . 

McGihty, Robert LeRoy.. The Effects of' Four Methods of Instruction upon the 
Ability Second and third Grade Students to Derive Valid Logical . 

* Conclusions from Verbally Expressed Hypotheses. (Michigan State 

^ University, 1972.) Dissertation Abstract's International 33k:^ 4686; 
March 1973. .v ; ^ , / . 

Pupils ia grades 2 and 3 given instruction on ^attribute blocks, . 
pictorial logic, or set theory scored higher on logic and classifi- 
' cation tests/than pupils not^h^aving 1~^^ ~ 

McLaiighJir., Lynn Mary James. Age and Observational Learning of a Multiple 
•Classification' Task. • (St. Loui^ Univers:J.ty, 1972.) Dissertation 
Abstracts international 33B: 1271; September 1972. 

Rupils in grades .2 and 4 were able to reproduce ijehavior on a block 
.X :task which^they had seen demonstrated; only sixth graders could 
transfer the information to a different but structurally similar 
^ task. Watching a model demonstrate was more effective than practicing 
- by trial-and-error . - 

McLeodi Gordon Ke^-th. An Experiment in the Teaching of Selected Concepts 
of Probability to Elementary School Children. (Stanforci\ University , 
1971.) ifissertat-ion, Abstracts International 32A: 1539j\ September. 
^ 1971. . ' ^ , ■ 

Most , pupils in grades 2 and 4 (n = 550) were able to apply the concepts 
on the likely-to-unlikely probability continuum before instruction, 
for seven to' ten days.. No clear treatment effect was found for groups 
having laboratory participation, teacher demonstration, or no instruc- 
tion. 

JJdcMillian, Joe Adair. Learning a Mathematical Concept With and Without a . ' 
Physical Model as Predicted by Selected Mental. Factors. (University 
of Houston, 1972.) Dissertation Abstracts International 33A: 4182; 
" February 1973. . - . 
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■No 'significant, differences in ieapiing, retention, or transfer .were 
found for seventK-grade' students ,who used individual materials for 
a unit on non-decimal numeration'Jwith or without a physical mpdel. 

Miller, Jack W. An Experimental Comparison of Two Approaches 'to Teaching 
Multiplication of Fractions. Joi/rnal of Educational Res^earch 57: 
' -46&-471;' May-June 1964. ' f " , |. ' , „' 



For four classes of sixth graders (n = 114 students) , use -of written 
lesson^ plans plus automated practice machines vras superior to use of 
the textbook with concrete mat^ria^s . \ 



Moody iklliam .B.; Abell, Roberta; and Bausell, R.*^ Barker. The EffecJ: of 
Activity-Oriented Instruction upon Original Learning, .Transfer", and 
Retention.* J.ourhal "f or Research in Mathematics Education 2^. 207- 
212.; May.i97ir . ^ ■ ' \ ^> -"j 

For ^ third graders, no advantages for, activity-oriented instruction. 
weL-e observed on learning, transfer, or retention when compared to, 
. .rote procedures. [This study was critiqued by Holz,^ 1972..] 

. ; / \ , 

Mott, Edward Raymond, An Experimental Study Testing the Value of Using , ^ 
Multi-Sensory Experiences in the Teaching of Measurement Units on the 
. Fifth and Sixth Girade Level. (The Pennsylvania' State ^University , 
1959.) Dissertati6n Abstracts 20: 1678-1679; November 1959. 

Multi-sensory aids were used ''at ^every opportunity" to teach measure- 
ment to 70 pupils' in .grades 5 and 6, while the control group (n = 157) 
''proceeded as' usual". No significant differences^ in attitude or 
achievement were found. . , , , 

Muckey, Roy William. Using Decimal and Non-Decimal Numeration Systems to 
.s. Effect Change in the Ability of Beginning Second Grade Students to 

Add and Subtract .in. Different Bases. (University of Minnesota, 1971.) 
Dissertation Abstracts International ,. 32B: 3510; December 1971. 

No significant differences were found between groups of second graders 
(n. = 251) studying base ten only, non-ten" bases, or many bases 
including base ten, in ability .tp^ add base ten numbers. The use of 
Dienes or non-Dienes materials made no difference at the high SES 
level; only, slightly improved scores favored the. use of non-Dienes 
materials at* the middle SES level. [The low SES level was. not s.ttidied.] 

Najca, Donald. Comparative Merits of a Manipulative Approach to Second- 
^rade Arithmetic. Arithmetic Teacher 13: ^ 221-226; March 1966. 

In two second-grade classesi JCuisenaire and traditionally taught 
groups Were compared. The LQulsenaire group achieved significantly - 
better on a test based on the more extensive content of the Cuisenaire 



A-3i 



.program, while there were no significant differences between the 
' tw6 groups, on a .test of traditional content* 



Nichois,- Edfth June. A Comparison of Two Methods of Instruction in Mul-^ 
.tipiication and Division for Third-rGrade Bupils. (Universfty of 
CaMfomia, Los Angeles, 1971.) Dissertation Abstracts International 
^^2A: /6pll; May 1972.. . . ^ 

~ ' - ' ^- ' 

\ *ten classes of third' graders' (n p 267) were randomly assigned to be " 
taught multiplication and division ..combinations for 15 days by (1) 
maiiipuiative materials with a guided discovery approach or (2) -ab- 
stract ^and semi-concrete materials with teacher ^explanat ion and 
exposition. Significant differences, on achievemeyit and, attitude 
measures favored groups taught by pupil discovery ^ith manipulative 
tnaterials. ^ ' ' ' . "* 



Nickel, Anton Peter. A Multi-Experience Approach to Conceptualization 
for the Purpose of Improvement* of Verbal Problem Solving in. Arith-f- 
mStic. , (University of Oregon, 1971.) Dissertat ion. Abstracts Inter- 



national. 32A: 2917-2918; rDecember 1971.' 



J. 



^iriety students were drawn from fourths-grade classeis for six weeks 
of instruction on verbal problem solving ubing (1) concrete materials 
and pictures; (2) only words, written and oraf; or (3)-''an unspecified 
control treatment. The" approach using materials and pictures was 
more 'effective than the--verbal approach. ^/Differences between these 
groups and the control group were not significant (p « .10); it 
appeared from analysis^of logr? that the ^control group teachers spent 
a disproportionate- amount of time on 'problem solving, expecially 
using^ materials and pictures. No significant differences between ■ , 
any .groups were found on the retention test. , ' ' 



- Nicodemus, Robert B. Order of Complexity in Attribute Blocks. 
Science and Mathematics 70: '649-654; October 1970. 



School 



In an in-depth exploration with 46 pupils in grade 5, it was, con- 
cluded that performance of complex behaviors was facilitated by 
experience with simple subordinate behaviors with atti;ibute blocks. 



Norman, Martha. Three Methods of Teaching Basic Division Facts. (State 
. University of Iowa, 1955.) Dissertation Abstracts 15: 2134; 
November 1955. ^ - c . ' 



■'//• 



:In«^a study with 24 third-grade classes, a developmental method using 
: such aids as the number line, counters, drawings,- and number charts 
plus generalization* procedures was compared with a textbook method 
and a conventional method in which story settings 'and problems were 
used to introduce division facts. No significant differences were 
found' on an experimenter-developed test given immediately after 
instruction; the developmental method was superior on .a delayed, recall 
test of untaught facts. . ^ 
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Nowak, Betty Adams. A Study to Compare the Effects of Ha1^1:\epa tic's Labo- 
. . rat pry Experiencfej^ of Intermediate-Grade Students on Achleyement and." 
' "Attitudes. (Brigham %oxing University, 1972.) DissertationsAbstracts 
international 33A: 2697; December 1972.;. 

Pupils in grades 5 and 6 did better in a laboratory prografm than irT 
a non-laboratory program,' vhile fourth graders did better / in' a/con- 
. ventiojial program. An individualized laboratory program j^as more 
< ' effective than an individualized nonrlaboratory program. 



Olley^ Peter George-. The Relative Efficacy of Four Experimental Protocols 
.in t!ie Use of Model Devices to Teach Selected Mathematical^Constructs. 
(Washington State Universit;yi 1973.) Dissertation Abstracts Inter- 
• national 34A: 4993; February 1974. 

• ^ y . • • ' / ^ ' /.i 

Four teachers in. grade 3 each taught fou.r groups, of raifdomly ^assigned 
students five lessons on operations on a finite field ^even/odd , 

*\z.^r6, one); four teachers in grade 7 similarly used five lessons on 
a permutation group. Folf, transFer," use of concrete-to.-abstract 
. kecjuences were preferable to pictorxal-abstract. or abstract sequences. 
Np signifq^cant differences were fdunj^^on a '-retention tEest. 



Paris, John August. The Relation of a Personality Trait and Game Conditions 
to Participant Learning. (Syracuse University, 1970i) Dissertation 
A bstracts International 32A: 102; July 1971. | 

' ' ^ * • * J ^ * • 

Fifth-grade students (n = 302) scored higher on kn fa)ihievement test 
after playing ^'Equations" in a cooperative rather th'an a competitive 
situation. 

I 

• ✓ j 

:j( Passehl, Get;^ge. Teaching Arithmetic Through Activity Units. Peabody 
. Journal of Education 27:. 148-152; November 1949, |' 

' ' . ' ' ^ • ' * ' 

For 30 sixth graders in one class, use of activilyj units resulted in ' 
mastery of 79% of the arithmetical steps in learning to perform 
•operations with common and decimal fractions. » ' • 

Passy, Robert' Albert. How Do Cuisenaire Materials in a Modified EleJmentary 
Mathematics Program Affect the Mathematical Reasoning and Computational 
Skill of Third-Grade Children? (New York University,* 1963t# Disser- 
' tatlon Abstracts 24;: 1506-1507; October 1963. • . . 

Passy, Robert A- The Effect of Cuisenaire Materials on Reasoning and 
. \ Computation. Arithm e tic Teacher 10: 439-440; ,Nbvember 1963. 

Third-grade class^ using Cuisenaire materials' achieved signif ieaatly 
less on tests. of reasoning and computation than classes not using- 
Cuisenaire materials (n = 1800). 
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Passy-, -Robert A., Sbcio-Economic Status and Mathematics Achievement. 
, Arithmetic ^Teacher 11-: 469-470; November 

tn a study "with third graders using either textbooks or the Cuisenaire 
-program, significant differences were found among the various. levels 
of socioeconomic status regardless of whj.ch program was used. Mean 
" \ -^scores increased with increasing level of education and skill of 
parent . 



Pluramer, Sister Mary 'Je^kn. The Effect of Preschool Experience on SpatiaZ 

Perception. (UniveVsity of Cincinnati, l'971.V ' Dissertation Abstracts , 
International 32A: \4^9>4A94; 'February 197,2. ' ^ ^ 

"No diff erence on a block-counting task was found between Montessori 
and non-Mohtessori puprls l±n grade 1 (n = 109). 

■ .■ ■ • \ ■ ■ . ■ ; 

.Pplz, Sister Albina. Evaluatio^n of the Effectiveness of Activity Matliematics 
^for Prima£y--Mathematics t,e^rnin Disabled Studerits . Unpublished^ 
'/master's thesis,, UniversityVof -iskatchewan, .r975. 



In^'a study with 48 tnathematd^learning disabled students ^ the 
relative merits of acti,^ity arid ^t^^itional mathematics programs 
■for a 20-hour unit on number and numer^-ion were examined. No sig- 



nificant differences between groups wererfotind.. 



PprtiSi Theodore Roosevelt* An Analysis of the Performances of'^Faurth, 
Fifth and Sixth Grade^ Students oniProblems Involving Proportions, 
Three Levels of Aids /and Three I.Q. Levels. (Indiana University,. 
1972.) Dissertation/Abstracts International 33A: 5981-5982; 
May 1973. 



From grades 4, 5, and 6, 138 pupils were given tests accompanied by 
physical, pictorial, or symbolic aids. Mean performance when 
physical and pictorial aids were used was significantly, higher than 
'when only symbolic/aids were, available. 



Prigge., Glenn Russell. The Effects of Three Instructional Settings on 
tV'i> Learning of Geometric Concepts by Elementary School Children. 
. i(VoliinieS I and II.) (University of 'Minnesota, 1974.) Dissertation 
' Abstracts International 35A: 3307; "December 1974. 

In, a ten-day study conducted with 169 third-grade pupils, selected 
basic geometric concepts were taught using a programmed format.. Use 
of both demonstrations by the teacher and manipulation of geometric 
solids by pupils was more effective than use of paper-and-pencil 
activities or use of manipulative materials (such as paper-folding, 
geoooard, and geo^uler). 



Prihdeville, Ann Catherine. A Program for Teaching Selected Mathematics 
^ Concepts to FirSt-Grade Children Using Manipulanda, Language Training 
and the Tutdr:rTutee Relationship. (University of California, Los 
Angeles, 1*971.) Dissertation Abstracts Internationa l 32A: 6iH; 
' Hay^ 1972."- ' ' • 

Pupils in three first-rgrade classes were given 24 supplementary 
lessons on concepts of place value, order of numbers tp.400» and 
two-plac.e addition and subtraction. One group received the enrich- 
ment instrdction in the usual large7group setting; sixtli-grade'^tutors 
were used to present the enrichment .instruction in a second class; 
the thlr.d class used the te^book- program in the usual large-group 
setting* Pupils using .manipulative materials wijth language training 
scored <»ignif icantly higher (p .05) than those u&Tng *the textbook 
.program with workbook and drill sheets. Use of sixth-grade tutors 
did not result in better achievement. ' . 



Punn, Avtar Kaur. The Effects of Using Three Modes of Representation in 
Teaching Multiplication Facts on the Achievement and Attitudes of 
Third' Grade Pupils. (University of Denver, 1973.) Dissertation 
Abstracts International 3AA: 6954-69^5; May 1974. 

Ninety third-grade pupils were taught fpx 27 days to solve missing- 
factor multiplication facts and word problems using (1) enactive-- 
sjrinbolic, (2) 'iconic-symbolic, or (3) enactive-iconic-symbolic 
modes. Piipils.iising^ manipulative iitaterials and symbols ^(1) had sig- 
ni-ficaritly higher (p < .05) ^achievement and attitudes thfln those 
usi'ng^aterials, symbols and pictures (3), wtiich In turn wafe better • 
-r-*" ^han using only pictures and symbols (2) . 

Purser, Jerry Donaldson. The Relaiiion of Manipulative Activities, Achieve- 
ment and Retention, in .a Seventh-Grade Mathematics Class: An Explora- 
tory Study. (University of Georgia, 1973.) Dissertation Abstracts 
International 34A:' 3255-3256; December 1973. 

In a study on- fractions and decimals with 339 students in grade 7, 
the use o| .pictures of rulers and micrometers was found to- be 
feasible; significant differences favored groups using such materials. 
(No. instruments were actually used.) 

// • • •• 

Rathmell^ Edward Gary. • The .Effects of MultiSase Grouping and Early or 

Late Introduction of Babe Representations on the Mastery Learning of 
Base, and Place Value Numeration in Grade One. (University ot Michigan 
1972.) Dissertation Abstracts International 33A: 60/1-6072; 
May 1973. 

No significant differences were found between using various bases or 
only base ten In grouping objects.- with pupils in first-grade classes 
(n = 110 pupils)." The group having reading and writing ^experiences 
before grouping experiences (x^ith objects) achieved bettei than the 
group given grouping experiences first. 

14V 
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■Reys/ Robert E,^ Mathematics, Multiple Embodiment, and Elementary Teachers, 
« Arithmetic Teacher^ 19: 489- A9 3; October 1972, 

The rationale for using a variety of concrete materials to develop 
a niathematical idea is. discussed and activities for the classroom 
are^.presented. 

Rich, ^tit tteton^ Waldo. The Effects of a Manipulative Instructional Mod0 
in VTeaching Mathematics to Sel^BCted 7.th Grade Inner-City Students. 
^(Temple University, 1972.) Dissertation Abstracts International 
33B: . 330; July 1972. - ' . ' . - ^ , 

Use of multi-base blocks and Cui enaire^rods in teaching fraction 
concepts did not negatively affc-t achievement^ for the tiine seventh- 
grade classes'studied. ' . " ^^-^^ 

Richards, Kenvyn Barrett./ A Comparison of the Effects of Verbal-Manipulative. 
Forms of Programed Instruction in Teaching Measurement Skills to ^ ^ 
Sixth Grade Pupils. (University of Maryland, 1970.) Dissertation 
Abstracts International 3iA: 5818; llay 1971.* ^ - 

No significant differences in achievement' or retention were found 
between groups of sixth graders (n = 72) using verbal or verbal- 
manipulative prograins on reading a ruler. ^ 

* ^ ^ ^ \ 

Ropes, George Hardcastle. The Effects of, a Mathematics Laboratory on 

Elementary School Students, (Columbia University, 1972.) Dissertation 
ABsjtracts International 33A: 4250; February 1973. 

Twenty-two pupils \rom grade 2 and 22 from grade 6 were randomly 
selected to participate in a mathematics laboratory; 22 other pupils 
from each grade formed control groups. Experimental group pupils 
. spent one 45Tminute period per" week for 14 weeks in the laboratorv, 
* which ''contained a variety of inanlpulative materials and activity 
sheets related to each". No significant 'differences (p <'*05) were 
found in attitude or achievement (although laboratory group pupils, 
. ^ spent 20% less time on the racjular content tested). ^ 

Ross, Dorothea. Incidental Learning of Number Concepts in Small Group 
Games. American Journal of Mental Deficiency 74: 718-725; 

May 1970; 

f' > 

Retarded pupils aged 4 to 10 using a game program for nine months 
Improved significantly more than a group using a special-class program. 

Schall, William E. and others. Developing Mathematical Processes (DMP) , 
Field Test Evaluation, 1972-1973 . ERIC: ED 097 290. (1974) 

i. 
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The Developing Mathematical Processes (DMR) program was evaluated 
;in its. initial period of ^ use; encouraging results were' reported. 

I 

Schall, "William and others. Developing Mathematical Processes (DMP ),. 

Jield Test Report 1973-74 . ERIC: SE G19 475.. (1975) • " ^ 



Xhree- 



.The DMP program was field-tested in tge kihderlarteh^ -and first thi 
grades of six schools. The previous^ years^' standardd^zed test scores 
were used to predict achievement;^ no significant achievement gains 
wo.re found. Teachers, parents, and pupils all gave the program- ' 
favorable ratings.* . . 

« ' . 

^Schippert, Frederick Arthur/ A Comparative Study of Two Methods of Arith- 
- metic Instruction in an Inner-City. Junior High School, (Wayne 
State University, 1964.) Dissertation A!?s^tracts 25: 5162-5163; 
' ' . March 1965. ■ ' • ' • . 

:^ • • . - ' 

Four seventh-grade classes from an inner-city (Detroit) school \7ere 
taught with SMSG texts (reviewing operations with non-negative / 
xational numbers) for five months, using either an abstract apprbach 
involving verbal and written descriptions of model.o of mathematical ' 
^ principles or student- manipulaliipn of actual models or representations 
>^"^4:^ a laboratory apprbach. A significant* difference in growth of' 

arithmetJLc skills favored the groups taught by the laboratory approach, 
After tvo-andr^qne-half years, differences still significantly favored 
the laboratory gfoup.^ Differences in attitudc-s were not .significant. 

— Schott, ifedrew F. New Tools, Methods for Their Use, -and a New Curriculum 
in Arithmetic. Arithmetic Teacher 4: 264-209: November 1957. * ■ 

The development and trial testiflg of a n- ^er aid was^lscussed \ \ 
and partial data for grades 1, 2, and- 3 wt,re presented-, showing^^-J^ 
increased achievement when these aids were^ used. [Note that this ^^."^ 
' material is the one considered "er.pensive" in the Harshman (19/62) " 
* study.] ^ . \ ' . i\ 



Scott, Lloyd F. and Neufeld, Herman. Concrete Instruction in Eleme^talry 
. School Mathematics: Pictorial vs. Manipulative. School SclencT^Vdnd 
Mathematics 76: 68-72; ^January 1976. ' ~ ^^j, f 1 1 : 

No significant difference i\ .concept knowledge was^ found between 
either manipulative or pictorial groups and the abstract group in 
nine second-grade classes involved in the stuay. Affective responses 
favored the first two groups over the third. 



Sherer, Margaret Turner. An Investigation of Remedial Procedures in 

Teaching Elementary School Mathematics" to Low Achievers. . (University, 
of .Tennessee, 1967.) Dissertation Abstracts 28A: 403L-4032; 
April 1968. . , 



lis 



Pupils in grades 3; through 7 (n f 47) tutored with 20 authorrdevelojied. > 
. • * lessons, using instructional aid's such -as drawings, counters, and' 

huinber liiles and charts, s|iowed 'signif icancly-greater gain in achieved 
"Tvj ment than those taught fey k traditional procedure.. ^ 

r ' • » ■ 

Sherzer, Laurence. Effects of, Different Methods of Integer Addition , 
* Instruction on Elementary Schbol rStudehts of Different Grade,^and 
Aptitude Levels. .(University of Miami, 1973.) Dissertation Abstracts - 
Internationa l 34A: 2465; November 1973. ^ ' - ' \" 
. ' "^T ~ . ' ' ' ' ^ 
The "correspondence" jnethod for teach^ing integers was more effective) \ 
in grades 3 through .6 than was a number line met hod. 

- , .^^ . : • , /' ^ • ' . : ' 

Shipp ^ 'Donald E. and Deer, George H. The Use of Class Time in Arithmetic. 
Arithmetic Teacher 7: 117-12r; March,.196.0. ' / 

, For three classes of pupils in grades 4, 5, and 6^ there was a. trend 

toward higher achievement when the percentage of class time on • 
^ developmental activities "was .increased from 25% tov75%. It was \cqnr: 
^ ^ eluded that more than 50% of class time Jshouid be spent.^ on develop-^ 
/mental activities, which included use of materials and disciisfeJon. 

Shoecraft, Paul Joseph. The Ejffects of Provisions fox Imager^/ "Through 

- , Materials and Drawings on Translating Algebra Word Problems y Grades 

Seven a^d. Nine. (University of Michigan, 1971%)- Dissertation 
Abstracts International 32A: 3874t-3875; January 1972. 

Twelve .seventh-grade classes (n = 366> (and ten. ninth-grade classes) 
were taught number, coin, and age problems for 'eight days and work - 
and mixture problems for four days. Two approaches used high 
imagery with (1) concrete materials or (2) pictures, while a control , 
group stressed direct translation of the problems. The inateriars 
approach and the direct approach were significantly "better than the 
picture approach in grade 7 for number, coin, and age probl,ems. "Tor 
work and mixture problems, the materials approach was better than 
the pi-cture'. approach. For retention and transfer, differences also 
favored the^'ma^terials, approach. Low achievers in particular achieved 
better* When tK'ey could use materials. 

Shuster, Albert and. Pigge, Fred. ''R'etention Efficiency of Meaningfu;L 
Teachins. ' -Arithmetic Teacher - :12: 24-31; January 1905. 

For six classes of fifth graders, spending betwen 50% and 75% of 
the Cluie on deyelopmencal activities resulted in. better* retention. 

Silbaugh, Charlotte Vance. A Study of the Effectiveness of a Multiple- 
Activities Laboratory in the- Teaching of Seventh Grade Mathematics ' 
to Inner-City Students. (Geo-rge Washington University, 1972.) Pis- 

- sertation Abstracts Internationai 33^: 205; Jul> 1972^^ 
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. Mather&tics laboratories were attended twice a week, by . twelve seventh-^ 
\grade 'glasses J. 12 classes in the same school did not use. the laboratory, 
^ arid f2f classes were in. another school with no laboratory. The labora- 
tory appeared to have a favorable effect on achievement scores- 

\ ■ /•". .... ... ' . 



Slmpsph, Clifford James. The Effect of Laboratory Instruction on the . 
. Achievement and Attitudes ^6f .Slow Learners in Mathematics* (Lehigji 
UndA|ersity , 19J3 . ) Dissei;tation Abstracts international 34A: 
695?^696b; ^jay 1974. . \ , , ^! . 



, In iTioi -rday study, 87 seventh-graders classified as slow learners 
\ . weye taught by a laboratory approach (using activities with ^^n 
. J}C|^M Book) in cne school or by a traditional approach .(using a 

.cpi|unefcial text) in another^ school For two pf six units,, signifi- 
; caQt- diff eirences-^favored the teacher-^taught group; fox: one.unitv 
•!the laboratory group achieved better.. ^ . • " 

' W • : . ' 

. ^ ' , . \ ' ^ ' - 

Smithy. Emma. ,D rue ilia Breedlove. The Effects of Laboratory Instructipn upon 
Achievenj^ent in and Attitude Toward Mathematics of Middle School 
Studeiits. (Indiana University, 1973.) Dissertation Abstracts Inter- 
^ national 34A:' 3715-3716; January 1974. - ' 

'Eightyr-two students j^rbm grades 6, 7, and 8 were taught by .a labora- 
tory approach two days a week for one-and-one-half semesters, while 
153 students were identified as the control group. No, significant, 
differences in achievement or attitudes, were found between grdups. 



Smith, Jimmy Eugene. The Effect on Achie^^ement and Attitude of Three 
.Approaches for Developing Area Concepts. (The University of Texas 
'at Austin, 1973.) Dissertation Abstracts Internatioual 34A: 
.54.97-5498;. JMarch 1974. \, 

.The expository approach was found to be superior to the, utiimoael and 
multimodel approaches on most of the area topics studied^ in four 
classes at grade 7.^ . . • r 



Snyder, Henry D. A Comparat ive Study of Two Self —Select ion— Pac ins 
Approaches to Individualizing, ^Instruction in Junior High School 
Mathematics. (University of Micfiigan, 1966.) Dissertation Abstracts 
28A: ^ 159-160; July 1967'. 

r 

No significant differences. were found in achievement or in the 
characteristics of pupils in grades 7 ajid 8 who selected either of 
two independent work approaches; however, gains were' greater Lor Lhe 
independent groups than for the control classes. 
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bnyder^ Patricia Kay* Development of a Model of a Mathematics Laboratory 
for Secondary' Schools* (University of Denver, 1975.) Dissertation 
^ Abstract s .International 36A: 4236-4237; January 1976. 

A-model for laboratories was developed, including physicalTfacility 
•and equipment, teacher involvement, student activities and roles, . 
laboratory techniques and procedures, conceptual framework, and 
mathe^tical concepts* , ^ - 



Sole, -David. The Usej of .Materials in the Teaching of .Arithmetic. 

•(Columbia University, 1957.) Dissertation Abstracts 17: 1517- 

^1518;_JuLy^9jLL^l___ . 



lyelve third-grade classes (n^=^ 240 ^pupils) . were taught, using either 
a variety of materials or one material • Np' differences were found 
between the two' groups. If more time was spetit in using .either one 
or several materials, then higher actdevement resylted^^ : ,The effect 
appeared to depend more .on the teacher than on the materials used. 



Spross, Patricia McNitt. A Study of the Effect of a Tangible and 

Conceptualized Presentation o£ Arithmetic on Achievement in the 
..Fifth and Sixth Grade. {Michigan State University, 1962.) Disser- 
.tation Abstracts 23: 1293: October 1962^' 

"Tangible manipulative vitems that had cultural significance". were 
used in this study with fifth and sixth graders (n = 166) "whenever 
possible". Significant differences favored the experimental 
group over a. group having "routine" presentations on both standar- 
dized tests used except for one subtest on fundamentals. 



Stanford, Thomas Eros. Effects of and Teacher Evaluation of Supplementary 
Activities *dn Seventh Grade Boys* and Girls* Achievement in and 
Preference for Mathematics. (University of Mississippi, 1970.) 
Dissertation Abstracts International 31A: 2798-2799; December 1970. 

Seventh-grade groups using games, non-verbal problems, or self- 
selection of activities had significant increases in achievement. 
A lociil control group also had a significant increase in achievement, 
while a remote control* group did not. 



Steffe; Leslie Philip. The Performance of First Grade Children in Four 
Levels of Conservation of Numerousness and Three I»Q. Groups Vlhen 
. Solving Arithmetic Addition Problems. (University of Wisconsin, 
' 1966.) Dissertation Abstract!^ 28A: 885-886; August 1967. 

Steffe, Leslie P. Differential Performance of First-Grade Children l^en 
Solving Arithmetic Addition Problems. Journal for Research in Mathe- 
matics Education 1: 144-161/ hay 1970. 
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Randomly selected first graders (n = 132) were categorized into four 
levels of conservation, of numerousness, and given addition problems 
with physical, pictorial, or no aids.. Problems with no accompanying 
aids were significantly more difficult than problems with either,, 
physical or pictorial aids, which, did not differ. Significant, - 
correlations were obtained between scores on an addition facts, test 
and problems witTi ajids (r = .46) cr without aids (r = .41) *. - - 

*^ 

StetJ-'eV'^I^slie P. and Johnson, David C. Problem Solving Performances of 
. Firsfe' Gtade Children .- ERIC: ED 041 623. (1970) 

One hundred eleven children were given a 48-item problem-solving 
test, with six problems fronPeach of eight types presented in, a ranr 

domi zed ^sequ ence ^ Half of the children in each ability, group were 

randomly assigned to use of no manipulative objects, while the other 
half were provided with manipulative objects referred to in the- 
problems and were allowed, to use them a^ly way they wanted- to help 
/ solve the problems. No 10 dif ferenceaA^efe found, but thosa'using 
materials scored signif icantLy_ hlghejr than those no.t using materials'. 



St. Martin, Alien H. An Analysis of the Relationship Between* Two Alternate 
Procedures tor the Utilization og. Teaching Aids in Piaget's Develop- 
mental Theopy^During the Initial Introduction of Selected FiftR 
Grade Mathematical Topics. (University of Houston, 19740 ^ Disserta- 
tion Abstracts International 35A: 7037-7038; May 1975. 

,No significant difference in achievement was found betwefeh fifth- 
3rade ^groups using a concrete-seriiconcrete-abstract sequence and 
those using a s'emiconcrete-abs tract sequence. Us^ of doncrete materials 
resulted in some higher subtest scores-^. 

Swick, Dana F. The Value of Multi-Sensory Learning Aids in the' Teaching-of 
Arithmetical Skills and Problem Solving — An Experimental Study. 
(Northwe.^tern Qniversity, 1959.) Dissertation J^biitracts 20: ' 3669; 
March i960. ; >^ ^ 



.Students in grades 2 through 5. (n = A04)^iade significantly greater 
gains during the nine-week period when, a variety^pt materials was 
used than were expected on the basis of their scares for --the previous 
nine weeks. 



Tanner, Verdelia Jane Lindsey. A Mathematics Pr/gram for . Primary-Age 
Children: Concrete-OperatlonaJ Approaches/ to Mumbi^r Concepts. 
(Brigham Young University, 19/20 Disserjtation Abstracts Interna- 
riorial 33A: 2674; ' Decenber 1972. / 

A workbook developed for the botflnning yconcrete-operction stage of 
number development was found to he superior to commercial programs 
for developing concepts; .''O dtfforenc«is were f</und for computation 
skills. Tbe manipulative approaches /develope4'' positive attitudes 
toward arithmetic; with greater retention of learning. 
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Thpinas, Gregory P. Field Impact Evaluation * Monmouth, Oregon: Teaching 
Research, Oregon Stafce System of Higher Education, December .1975. 

Fifteen Oregon projects .in which teachers had been exposed to mathe- 
matics manipulative-materials, games, and. the laboratory approach 
were evaluated:^ through a series of field-site interviews. A i^andom 
.sample of 25 percent of the teachers in each project was selected; 
each teacher was matched <with a teacher who/had ^not participated in'" 
atiy" of these projects, but was located in th^ same building, and ta^ught 
.at the same level. In addition to the L20 matched pairs of teachers, 
.four students., were selected at random from each teacher *s class. 
Both' participant and control groups were very ^similar in their use 
of various mater iala. In ho instance were either games or manipulative 
. _ materials found to be the basis of a significant percentage of 

programs. However, both were highly preferred by* teachers, and were 
used quite frequently, particularly. by the participant group (games, 
93%/ and manipulative materials, 87% for participants; for controls, 
corresponding data were 85% and 69%) . Both students and teachers had 
positive attitudes^ toward games, while manipiulat:iy.es_were--not as^ - - 

-4iighiye£a^^[2i.^y^^^"^®'^^^^ , • 



Thbmjpsori, Charles Stanley. The Learning of Multiplication and Oth'er^ - 
Mathematical Concepts and Skills by Fcur Children in a Fourth Grade 
Open Classroom: A Case Study. (The Ohio St=>te Univer'S^ty, 1973,) 
Dissertation Abstracts International 34A: ^458^; February 1974. 

Four fourth-grade children were observed to' det^rini^ie^^yiejmathemat 

^ concepts and skills with which they dealt, as well as the proce sses 

they used.. Tasks involving materials were administered to assess 
understanding of three interpretations of multiplication. ^ 

Tobin, Alexander. An -Experimental Study of Teaching Mathematics to 

Ref-^rded Educable Children* in Elementary- School Through the Use of 
Concrete Materials irT an Activity-Centered Environment. (Temple 
University, 1974.) Dissertation Abstracts International 35A: 3412; 
•December 1974. 

•''No significant difference ir achievement was found for mentally 
retarded children aged 6 to 9, but those in thj^ group aged 9 to 12 
who had the concrete materials program achieved significantly higher 
•. * than a group not using the program. , ^ 

Toney, Jo Anne Staley. The Effectiveness of Individual Manipulation of - 
' Instructional Materials as Compared to a Teacher Demonstration in 

Developing Understanding in Mathematics. (Indiajia" University, 1968.) 
Dissertation Abstracts 29A: 1831-1832; Dec^b$.r 1968. 

Fourth graders were randomly assigned to be^ (aught for 69 days by (1) 
individual manipulation of materials or (/) teacher demonstration 
with materials. No significant differences in class means were found, 
but the group using individually manipulated materials made greater 
gains in proficiency. J 

/ 
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•^Traftpn-, Paul Ross. The Effects of. Two Initial Instructional Sequences 
on the Learning of phe 'Subtraction Algorithm in Grade Three. „ 
"(ilniversity of Michigan, 1970.) Dissertation Abstracts International 
31A: A049-4050; February 1971. 

In a study with eight third-grade classes, more, extelxsive development 
; of the decomposition algorithm was found tp be more effective than a 
procedure which included work vi^-h concepts and use of the number line 
before the algorithm was taught. " - 

Trask, Marvin Wellington. A Study on Interaction Between Aptitudes" and 
Concrete vs. Symbolic Teachin^^ ."lethods as Presented to Third-Grade 
Students in Multiplication and Division; (University of Oklahoma, 
^ 1972".) Dissertation Abstracts International 33A: 4253-4254; 
February 1973. ^ . ' <^^ ' 

One groujS of randomly selected tttird graders was taught for 49 days 
T^y a symbolic me^tTio^ chalkboard, and multiplication 

flashcards, while a second gr-->up also manipulated concrete objects 
(egg cartons, pebbles, counting boards) (tdtal n = 65). No signifi- 
. , 'cfant .differences in achievement were found. RegreTssion analysis 
indicated that pupils of above-average ability were aided more by. 
the materials approach, while those of below-avarage ability 
berii'ef ited more from the symbolic method. - < 



Trimmer, Ronald G. A Review of the Research RelaTirTg^Problem^Solving 

and Mathematics Achievement to Psychological Variab^^es and. Relating 
These Variables to Methods Involving or Compatible with Self- 
Correcting Manipulative Mathematics Materials . ERIC; ED 092 402. 

(1974) ; * 

This research review focuses on determining the psychological variables, 
related to prolilem solving and presents arguments for self-correcting 
manipulative materials to teach problem solving. Studies on Cuisenaire 
rods and other materials and studies involving use of activities are 
discussed. - " -^ i - / ^ 



Trueblcod, Cecil Ross-*- A Comparison of. Two Techniques, for Using Visual- 
Tactual Devices to Teach Exponents and Non-Decimal Bases in 
Elementary School Mathematics. (The Pennsylvania State Uni\ersity, 
;1967..) Dissertation Abstracts 29A: 190-191; July 1968. 

Trueblood, Cecil R. A Comparison of Two Te^^ha-iques for Using Visual- 
TactUal devices to Teach Exponents and No!H[i^im«l Bases in 
Elementary School Mathematics. Arithmetic Tea^lHOL 17: 338-340; 
April 1970. ■ ^"""^''•'^-H^ 




A-43 



*Pupils in. seven fourth-grade classes were randomly assigned to be 
taught a unit on. .exponentsjand ijondecimal bases ty (1) manipulating 
yisual-tactual aids or (2) observing and; telling the teacher hqw 
.to manipulate such aids* Pupils observing the teacher manipulating' 
.materials scored higher (p = .10) than pupils manipulating materials 
•tliemselves. No significant difference in retention was found. 

Unkel,. Esther R. A Study of the Laboratory Approach and Guided Discovery 
in the Teaching Teaming of Mathematics by Children and Prospective * 

Teachers . ERIC: ED 056 986. (1971) 

J, • , ' ' 

Twenty-nine elementary-school pupils were tutored with some use of 
materials. Some significant gain scores wer.e. reported at most 
" . grade levels. ^ . ' . - " - 

Vance, James H. and Kieren, Thomas E. Laboratory Settings in Mathematics,: 

What Do,es Research. Say to the TeacTier? Arithmetic. Teache r 18: 
[ :585-589;- December 1971. " s i ^ > . ♦ 

In this research review it was concluded that children can learn from 
and like mathematics laboratory approaches. 

Vance, James H. and Kieren, Thomas E. i&thematics Laboratories — More 

Than Fun? School "Science and . Mathematics 72: 617-623; October 1972. 

For ten weeks, laboratories were used once a week with some seventh 
and eighth graders. No .significant: differences in achievement of 
work covered in the regular program were found, although one-fourth 
of mathematics class time was spent in informal exploration. Students 
strongly preferred the laboratory method. Both laboratory and' 
class-discovery groups scored higher than ^students in the regular 
^program on cumula^ive achievement, transfer, and divergent-thinking 
tests. 

Van Engen, Henry and Gibb, E. Glenadine. General Mental Functions Associ- 
, .ated with Division . Educational Service Studies, No. 2. Cedar Falls: 
Iowa State Teachers College, 1956. 

" ' In this study «^on the efficacy of the successive subtractions arid • 
distributive algorithms for division; materials were suggeated but 
use was not carefully * controlled". Some advantages were found for 
each algorithm-; 



Vitello, Stanley John. The effect of three Variables on the Solution of 
Verbal Problems Requiring Class Inclusion .Among Educable Mental Iv 
Retarded Children. (The University of Connecticut, 1972.) Disser - 
tation Abstracts International 33A: 2795; December 1972. 
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The group with a mental age^^bf 10 performed statistically better ^ 
when given two pictures and iconic presentations; differences,, at 
other MA levels (^7* through 9) were/not significant. 

'\'/ ' • 

" . / \ ' ' 

Wallace, P^ailena. An Investigation of the Relative Effects of Teaching 
a.%athematical Concept Via Miiltisensory Models in Elementary f chool 

• MatHeihatics. (Michigan State University, 1974.) Dissertation 
' Abstracts International /35B: 2989-29.99;< December 1974. 

' !^ ' * ' ' •* 

• Pupils from grades 4, 5, and 6 (n = 154) were taught fraction concepts 
- ' for three weeks >using Cuisenaire' rods and magnetic fraction parts or 
.^■Vith. a traditional/ approach.- The^matei:,ials group, scored significantly 

""R-igher than the traditional group on both achievement and manipulative 
teiits...'' Kg significant differences were .found between, welfare and 
rion-weif are/ recipients. 



Weber, Audra ^heatlyK. Introducing Mathematics to First Grade. 'Children: ' 
Manipulative- vs. Paper and Pencil. (University of Calfironia, ' 
^Berkeley, 1969.) Dissertation Abstracts International 30A; 3373-3374; 
iebriiary 1970. 

With six classes, of f irst^graders,- three from low and three from high 
>SES schools, mathematical concepts were reinforced for one month 
through use of (1) paper-ahd-pencil follow-uj activities or .(2) manipu-- 
lative and. concrete materials for , follow-up activities. No significant 
difference in achievement was found between groups, although a trend 
favored the use of materials,, especially for low SES pupils. 

weeks. Gerald Malcolm. The Effect of Attribute Block' Training on Second 
and Third Graders Logical and Perceptual Reasoning Abilities. 
(University of Georgia. 1970.) Dissertation Abstracts International 
31A: -SeSl-SeSZ; May 1971. / 

' In a study with second and third graders, attribute block training 
was founf to'have a strong ^^sitive effect on logical and perceptual 
reasoning ability. / , , • 

• / 

Wheeler.' Larry E. The Relationship of Multiple Embodiments of jhe Regroup- 
ing Concept to Children's' Performance in Solving Multi-digit Addition 
and Subtraction Examples, n.^....^.^-.•nn Ah.^racts International 32A. 
4260; February 1972'.' • ' • ' 

A random sample of 144 second-graders was categorized according to 
three levels of abstraction by testing their performances in 
regrouping two-digit addition and subtraction examples on the abacus. 
• sticks! pLce-v^lue chart, and multi-base blocks. There was no ■ 
significant difference between .their performance in solving two-digit 
examples the symbolic mode. However, children proficient in 
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regrouping on three -.or , four embodiments scored significantly higher.^ 
. on the multi-digit examples than children not proficient ^sing concrete 
materials. Significant . correlations were found between the number 
^. of embodiments childr^en were able to regroup for two-digit addition 
' .and subtraction and tlieir performance on multi-digit addition and ^ 
subtraction, . ; ' % . ^ 

Whipple'/ RoU^rt M,* A' Statistical Comparison^ of the Effectiveness of 

Teaching Metric. Geom'etry by the Laboratory .and Individualized Instruc- 
tion "Approaches. (Northwestern University, 1972.) Dissertation ^ 
, . Abstracts International 33A: 2699--2700; Decembe^r 1972. / 

Students vin:'grade 8 (n = 93) who used a. laboratory approach with 
^ manipulative materials scored higher than students using individualized 
instruction 'units on geometric ideas. 

Wilkinson, Gerald Olendel. The Effect^ of Supplementary Materials upon 

Academic Achievement in and Atjtitude Toward Mathematics Among Eighth 
Grade Students. (North Texas State University, 1971.) Dissertation 
Abstracts. International 32A: 1994; October 1971., 

Students in grade 8 (n = 136) using supplementary materials (objects, 
/filmstrips, and films) did not show a significant gaii^ in attitude 
/ ^ over those using a traditional method, but achievement^ increased in 
heterogeneously grouped classt-S using supplementary materials . 

Wilkinson, Jack Dale. A Laboratory Method to Teach Geometry in Selected 
Sixth Grade Mathematics Classes. (Iowa State University, \l97,0;) 
Dissertation Abstracts International 31A: 4637; Marph 1971. 

Sixth -graders (n = 232) were taught geometry for 20 days using 
(1) laboratory units, with worksheets and manipulative -materials 
* requiring experiments and data collection, (2) laboratory unib^ 

which included cassette tapes, or (3) a "more conventional approach"? 
No significant differences in achievement or attitude were found 
between thQ three approaches. ' \ 



Wilkinson, Jack. A Review of Research Regarding Mathematics Laboratories, 
'in Mathematics Laboratories: Implementation, Research and Evaluation 
(William M. Fitzgerald and Jon L. Higgins, editors)/ Columbus: ERIC 
Information Analysis JCenter for Science, 'Mathematics, and Environmental* 
Education, 1974. ERIC: ED 102 021. c 

Research related to the use of mathematics laboratories is reviewed/ 
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?iilliaiiis,, John D. The Evaluation of- Three Math Courses^. Journal of 
Structural' Learning 3: 41-79; 1972. 

Data from "a study (1961-1963) are reported for groups^. using the 
^ Dienes or the Cuis.enaire program for one and two years, each compared 
\ with, control groups using a conventional British program. Attrition, 
and various other sampling- problems occurred which .reduced .the ' 
. experimental groups markedly., Af ter • one year *s use of the Dienes 
program, scores were slightly depressed by comparison with those of 
their cpntrol grrups. The fitst-year Cuisenaire groups obtained 
slightly higher achievement scores than their control groups. After 
a second year, both groups improved significantly above the level 
of their respective control groups. 



Wolff, Donald J. An Instructional Game .Program:*^' Its Effect on Taste 

.Motivation.^ (Rutgers University The Stdte University of New Jersey, 
•1974.) ' Dissert at ion Abstracts International 35A: v 3535-3536;^ 
December 1974. ^' - * 
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For 66^,pupils in grades 1 and. 2, preference for the cooperative 
game format (using adaptations of "WFF'N PROOF" and "On-Sets"} 
d?.clined significantly. No eyidance^J^as^und for a format effect 
oh interest in the subject matter, set theory. When pupils were 
X-ee. to move at their own pace, cooperative procedures appeared 



better than competitive ones. 

■ ■\ , . ■ 

Wood, Carolyn^. A Comparison of the Effects of Sequence and Mode upon 
.the^Initial Acquisition, '.Retention, and Transfer of Elementary 
Multiplication Concepts. (University of Pittsburgh, 1974.)' Disser- 
tation Abstracts ^International 35A: 2068; October 1974. 

No significant differences in achievement were found between small 
groups of pupils in grades 1, 2, and 3 who were introduced to 
multiplication rules and concepts through inductive or deductive 
modes and with concrete or pictorial representations. On the reten- 
tion test, the first graders scored better using the inductive pro- 
gram and concrete maf.erials. 

Wrightstone, J. Wayne. Evaluation of the Experiment with the Activity 

Program in the New York City Elementary Schools.^ Journal of Educa- 
tional Research 38: 252-257; December 1944^y 

V 

As part of an evaluation of a six-ypar experimentatioi.* period. It 
was. found that arithmetic scores of '«ti:o^^^ in the activity group were 
significantly lower than for those in the^ non-activity group on 
one testy and not significantly different on another test.- 

Wynroth, Lloyd Z. Learning Arithmetie-by-PJ.ayJ.ng Games. (Cornell Univer- 
sity, 1970.) Dissertation Abstracts International 31A: 942-943; 
September 1970. 

I5y ^ • 



' -•Kindergarten and first-grade groups taught new concepts verbally 
* through 'a series of competitive games, followed by self7paced / 
' j6frit ten /work later, had significantly higher scores on achieyetrient 
' tests, t^an those who had a "normal" program. • 

- / ■ ■■■ ■■ ' " ■ ■ 

Zahn, Karl G. Use of Class Time in Eighth-Grade Arithmetic. Arithmetic 
' Teachet 13:. 113-120; February\1966. ^ [ 

; r t 

Students in grace 8 (n f= .120) who spent 56% or 67% of their time on 
developmental activities scored higher than those who spent the 
great'er probortlon of their time on practice. 



Activity Centered Math Program . ERIC: ED 093 676. (1973) 

Descriptive statistics were used to substantiate the claim that the 
/ program, modeled after^the Nuffield Project-with an emphasis on 
activity learning, produced acceptable results. 



The U&a ''of Coloured Rods in Teaching Primary Number Work . ERIC: ED 028 823, 
(1964) 

grades 1 and 2 in Canadian school^% significant differences were 
found on the Cuisenaire test but not on"^ standardized survey test. 
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, APPENDIX B 
DELETIONS FROM LIST OF REFERENCES 



Reference 

Adams, 4971 ^ 
Adkins, 1959 
Aldrich, 1970' 
Allison, 1965 
Atkinson, 1973 
'Austin and Jesson, 1974 
Bailey, x974 
Baker, 1971 
Bass, 1971 

Bennett and Walker, 1971 

Biancoviso, 1971 

' Biot, 1970 

^Boersig,/ 1973 » 

Bowers', 1972, 1973 

Branca, 1971, 1974; 

^Branca and Kilpatrick, 
1972 

Brumbaugh, 1970 

Brush, 1973 

Burgess, 1970 
f^amp, 1971 

Carey and Steffe, 1971 
Carlson, 1972 
.Chilewski, 1974 

Collins, 1971 



^Reason for deletion 
content: linear ordering 

type of study: list of "instructional aids" 
content: Piagetian classification 
focus: form and color^ op.t-specif ic to materials 
content: identification of geometric -shapes 



not research 



content: polygonal paths 

level: grade 9 ^ . . *. 

content: topological understandings 

content : categorization 

content: Piagetian conservation 

content: Piagetian conservation 

level: grade 9 

level: secondary • ^ ' 

content: mathematical structure of Klein Four- 
group 

content: ' geometric representations 

focus :i materials only incidentally involved 
in survey 

level : • secondary 

cont^.•nt: Piagetian coijservation 

content: measurement, not focused on materials 

content: Piagetian conservation ^ 

» 

content: mathematical structure of Klein Four 
group " 

focus: mastery learning 

IGl • ■ • • ' ' 



Reference 



Reason for deletion 



Collis; 1971 

Colvin, 1973 

Gowan, 1964 
^Crist, 1969 ■ 
.Davis, 1967 

Deans, -1973 

. , ^. ' , 

Devor'and Stern, 1970 
;■■ 

Downs, 1969 - 
Engeli 1967 
English, 1961 
Es'ty, 1971 
Finch, 1972 
Fink, 1974 

Tinnell, 1973 
Fplsom, 1959 
Fortson, 1970 

Galtier, 1973 
Gatz, 1973 
Gavzy, 1974 * 
Goforth, 1938 
Gorman, 1943 
Graff t, 1970 
Gray, 196,5 
Greenberg, 1970 
•Greenes, 1970 



focus: designing research using card-sorting 
task , 

not research . . ' ' ' 

content: Piagetiaa transformations 
content: telling time 
level: grade 9 . ' 

-not research 

level: preschool .' * . 

•focus: building birdhouses 
focus: use of automated devices 
focus: use of color in printed materials 
content : topology 

type of study: survey of '.Tiaterials cited in PLAN 

focus: role of imaginative piay and effect on 
Piagetian tasks 

level: grade 9 

focus: 'teachers' manuals 

focus: stimulus activities, including 
rhythms, creative activities 

not research 

content: copying geometric figures 

focus: not manipulative materials 

type of study: drill procedure, 1938 

type of study: list of laboratory equipment 

focus: not manipulative materials 

focus: meaningful instruction 

content: ^ geometric forms 
< 

content: geometric forms 
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Reference 
Greer-, 1972 .'. 
Gubfud; 1971 . 

« 

Gururaja, 1971 



/ 



Hairing and Berman, 1972 

Heardi ,.1954 

Hiiliard, 1972 ' 

Howard, 1957 

Hutcheson, 1973 

Johanson, 1972 

Johnson, 1972 

Johnson, 1970 

Jones, 1971 
' Jones, 3968 
•'Kamps, 1971 

Kerr, 1973 

Khan, X973 

Kidder, 1973 

King, 1973 

Krulik, 1974 

rosse. 1967 
Lamon, 1969 

Lane, 1964 

LaRoche, 1970 

Lerch and Mangrura, 1965 

Lewis, 1969 



Reason for deletion 

/ ' " •• 

I fdcus: effect of body* movement 
content: vectors 
content: Piagetian* . . 
focus:^ not manipulative materials 
unable to obtain copy 
content : Piagetian 



type of study 
level: grade 



British teachers* reactions 



9 



level: grade 9 

content: Piagetian classification and .seriation 
content: categorizing behavior 
level : preschool 

level: grade 9 ^ i 

content: Piagetian conservation \ 

focus: only one reference to activities • 

level: presohool 

content: transformation, not focused on 
materials ^ | 

I 

focus: two forms of Skemp^s test, not directly 
related to classroom activities 

I 

not research ' 

! 

content: Piage*tian ' 

content: mathematical structure of Klein Four 
group 

focus: programmed instruction 

not research . 

" - • * ^ * \ 

type of study: list of "instructtonall aids" 

\ 

content: measurement, not focused on materials 

• . \ 

\ 
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Light, 1972 

/ 
/ 

.Lihdvi.ll,. and Light, 1974, 
^^toomj.s, 19'65 
McCuhe, 1971 
Miller, 1972 ^ 
Miller et al., 1C69 
'Murray, 1970 
Ow^ns and Cooney, 1972 
Page, 1971 

Papert and. Solonion, *1970 
Pereira, 1973, 1974 

Phillips, 1968 
Porteus, 1972 
Prater,, 1968 
Price, .1951 
Rea and French, 1972 
Reavis, 1973- ; 

ileeves, 1972 
Regula, 1973 • 

Schell, 1965 
Schnur, 1970 
Shah, 1971 

Shively and Asher, 1971 
Smith, D. D., 1974' 



focus: program not stressing manipulative 
materials 

not' research . - . 

not research ' - ' , 

level: preschool . ' 

not research < - , , 

content: Piagetian topology 

content: Piagtcian conservation 

content: Piagetian transitivity 

level: secondary * . ' ; • - 

not research • - » - • * 

'content: mathematical structure of Klein Four 
group ' i 

content: Piagetian 

type qf study: no data report:ed - / 
focus: . study of color in textbooks 
unable to obtaiii copy 

focus: varied mental computation activities 

focus: parent program, with games included 
t but use riot controlled 

level : secondary 

' ' - *• . 

focus:- technique for ment^illy retarded,' with 
np emphasis on manipulative materials 

focus: not manipulatiye materials > 

focus: not manipulative- materials 

content: 'topological concepts . ^ A 

critique of grade 9 study 

focus: paper-^nd-penciL example as a "model" ' 



■ Reference ^ 
Smith; 1975 ' 

■ :'Steffe,;l972 
S'teinway, 1918' \ 
StVatford,.;i97l 

l \ : ^ 

' 'Syer and Ingeneri, 1949 

' * ■ > ^' 

J£ate, 1965. - * 
Waters, 1972 ' ^ 

; ..Weiner^ 1972 ^ ^ ^ 

/;W'ilaerman, 1974 
Wiliiams, 1970 • 
Wihkelitiann, 1974 ^ 
*^'^^Y.oung, 1974 
/ED 049 062 ^ . 
ED 061 721 
^^ED' 067 ,430'* 
069 '458 

.ED 075 561 

0 • 

;ED 077- 768 
"ED 078'611 
ED 087 793 

-ED 087 835 



ED 097 20,4 
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"Reason for deletion 
content: Piagetian conservation 

content: Piagetian classification 
research desig'n: 1918 

focus: description of program using workcar^sr^^ 

... .i''/'i 

not research * 
focus: audiovisual materials 
level : secondary 

content: Piagetian. more/ less ^ , ^ 

not research 

level: preschool*!? ' 

content: Piaget^.an' Conservation 

content: seriation-^ 

focus: no^ata on effect of use of materials 

focus^'-simulation/gaming 

focus: not manipulative materials 
'A 

focus: no results cited for a range of 
instructional services 

focusj outcomes- specific, to activities' unclear 

focus: effect of materials x\ot studied 

focus: not on' use of materials or rcora 

jfocus: on general program, not effect of 
manipulative materials 

focus: not on manipulative, materials . 

focus: use of supplementary materials developed 
to accompany textbook not controlled 
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APPENDIX C 



INSTRlIMlli^T FOR ^ EVALUA'I\^NG 
EXPERIMENTAL EDUCATIONAL RESEARCH REPORTS 



Since research efforts vary widely in quality, the question of the ' 
degree of confidence vhich can be placed in the findings of a study lo.one 
of considerable imppr^iance. Many lists of suggestions have been developed 
'to aid in inaking this judgment; such lists, however, lend themselves best 
to casual evaluation, arid the results are of ten, inconsistent and unreliable, 
ferusal of the literature (at the time the instrument was being developed) 
disclosed six instrun»ents for evaluating research. For three of these, 
ho reliability data were available, for one, the reliability was so low 
that the usefulness of the instrument if. questicnabie. Two were found to 
be helpful: Johnson (1957), with inter-rater reliability of .75 to .79, 
and Gephart (1964), with inter-rater reliability of .74. Rut neither 
seemed entirely suitable for evaluating experimental studies In elementary 
school mathematics. More^ information is needed to support the items on 
Johnson's list, Gaphart^s instrument sacrifices the time-consuming rating ' 
pf each subitem to a purely subjective fj'nal rating. 

Therefore, 24 lists of su£:gestions for* evaluating" educational research, 
proposed by writers in the field were compiled. Nine points were found- 
to be consistently repeat ed,--aiad--these form the basis for the Instrument 
for Evaluating Experimental Educational Research Reports. The nine questions 
focus at tent ion on the vital points, and the value of the research in terms 
of these is specified. Possible flaws which lead to incorrect concl»!sions 
and may negate the value of the research' are analyzed. The sum of the 
numerical values assigned to each question provides a basis for comparison 
(providing the user can overlookjb.^question of summing ordinal numbers]. 

• ' 166 ' • ' ' 



Two investigations of the degree of reliability or inter-rater agree- 
ment which may be expected in^tlie use of the instrument with studies on 

elementary school mathematics have been reported by Suydam (1968a, 1968b). 

/ / 

In one studv, iTiter-rater reliability was found to be .91 (Analvsis of 
Variance re^aability formula). (.The coefficient estimates the correlation 
between^^^e combined ratings of the judges in the study and the combined 
xatings of another hypothetical random sample of judges taken from the 

/ - - 

same^'population and rating the same articles.) The coefficient of relia- 
bility which provides a measure of the consistency probable with a single 
rater using the instrument was .77 (Snedecor's formula). In a second studv 
with a more diverse population of judges, the inter-rater reliability 
was found to be .94* while the consistency level was .57. In another 
analysis of the reliability of the instrument when used with reports of 
research on oral reading. Spire (1974) obtained an inter-ratef reliability 
of .72 (Z-test).' 

It must be recongized that the instrument has limitations. It is par- 
tially subjective, and use of it demands some background in methodology 
and statistics, as well as in the subject matter field. [For a fuller 
critique, see Romberg (1970). J However, use of the instrument is more 
reliable for more people than is a list of suggestions — and certainly 
better than merely reading a research report virhuut any criteria. A few 
possibilities for plausible, use of the instrument are: 

(1) In many reviews of the literature, every study seems to be 
considered as good as any other — and this is not true. Such 
reviews could and should reflect careful evaluation. The instru- 
ment will aid in directing attention to those studies done in 
the past whose findings may be most applicable or most questionabl 

(2) Use of the instrument can help researchers to iuentify studies 



done so T>o6rly that replication with increased precision is 

needed . / 

^/ 

(3) The instrument seems to be plausible as a- guide for evaluative 
• ' / 

planning />f research as well as evaluative reading of research* 

/ 

' / / 

(4) The reseal^cher should find the instrument valuable in writing 
reports, of ' lesearch, using it as a guide to completeness of 
yital infonhation to include. 

■■ / " ■ 

Johnston and Burns Q970) concur with such points in their discussion 

■ J " ■ ' 

of .tne nine, points of the- instrument. 
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Hoy practically or theoretically significant is the prob leni r 
(1-2-3-4-5) ; " \ 



ja. Puxpo$,e 
b^' Problem origirif^ 

1) Rationale \ 

2) Previous research 



. ^ \ 
(important- --non- important) , 

(logical illogical) 

(appropriate inappropriate) 



How clearly defined is the problem ? (1-2-3-4-5) 



a. Question 

b. .Hypothesis(esX 

c. Independent variable(s) 

d. Dependent variabre(s) 



(operational vague) 

* (re levant- -^-irrelevant) 
(logical — -illogica 1) 

(re levant irre levant) 

( operat iona 1 yague) 

(relevant irrelevant) 



}Ii>w yell does the design answer the resear ch questior ? 
(.1-2-3-4-5) 



a. Paradigm 

b. lIypo(;}iesis(es) 
c/ Procedures 

d. Treatments 

e. Duration 



(appropriate — 'inappropriate) 

■ (testable untestable) 

(clear unclear) 

(re^icab le unreplicable) 

(appropriate inappropria te) 

(appropriate inappropriate) 



How r >.dequately does the design control variables ? (1-2-3-4-5) 



a. Independent variable (s) 

b. Administration of treatment 

c. Teacher or group factors 

d. Subject or experimenter bias 

e. Halo effect 

f . Extraneous factors 

g. Individual factors 



(uncontaminated contaminated) 

(rigorous unr igorous) 

(con Lrc lied uncontrol led) 

(controlled uncontrolled) 

(control led uncontrolled) 

(controlled uncontrolled) 

(control! ed — -uncontrolled) 



How prop erly is the sample selected for the d esip,n and purpos e 
of t.,0 revsearch ? (]-2-3-4-5) / 



a. Population . 

b. Drav;ing of sample 

c. Assignment of treatment 



^/(appropriate inappropriate) 

(random unspecified) 

^,(random unspecified) 



( 



jlUJ 



C-5 



A d.. Size 

e. Characteristics 



(^ppropriate inappropriate) 

(appropriate inappropriate) 



^* ^^Q^^ v<3lic l and ' reliable are the rnogburinfi inV;trument$ or observa - 
tional technrq ues? (l-2-3r4-5^) /" ' ^ 

a. Instrument oi technique * • 

1) Description • (excellent poor) 

-2) Validity (appropriate inappropriate) 

3) Reliability for population (excellent poor) 

b. Procedure of data collection (careful careless) 

7; How valid are the tcchpiques of analysis of data ? (1-2-3-4-5) 



a. - Statistical tests 

1) Basic assumptions 
:£) Relation to d^3sign 

b. Data 

1) Treatraent 

2) Presentati6ri 

3) Level of significance 



(satisfied unclear) 

(appropriate -'inapprbpr iate) 

( appr opr ia te--^ — inSppr opr ia te) 
(clear- --unclear) 
(appropriate- -.-inappropriate) 

(specified unspecified) 

(accurate inaccurate) 



4) Discussion 

8. Wqm appropriate are the interpretations and generalizati ons frcm 
the data? (1-2-3-4-5) " 



a. Consistency v;ith* resu] ts 

b. Generalisations 
t. Implications 

d. Limitations 



(excellent poor) 

(reasonab le exaggerated) 

(reasonable exaggerated) 

(noted not noted) 



9* Hpw adequately is the research reported ? (1-2-3-4-5) 



a. . Organisation 

b. Style 

c. Grammar 

d. Completeness 



(exce llent poor) 

(clear vague) 

(good poor) 

(excellent poor) 

(replicable unreplirablc) 
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Reference: 

• / 

/ 



APPENDIX D 
TREATMENT DESCRIPTION INVENTORY 



/ 



. / 

I / I Research I j Research review 

/ ;. 

Data detail: i 1 little j | much 
I Re-^analysis: | ' possibly | { no 

/ 

.1. Math, content/concept: 



2. Grade level: 



Age: 



3* Theoretical basis: | 1 no | 1 yes 
Reference: 



I I " Non-research 

! |. Theoretical analysis 



J Position paper 



.Teaching idea 



Notes: 



achievement expectation 
geographic region 



^^^^'^ I I rural | { 



5. Time: for entire study - weeks 

for treatment - weeks 
(mater ial-t:se phase) 



for testing - pre 
6. Special time factors: 



days 
days 



post 



minutes/day 
minutes /day 

retention 



4* Characteristics ot sample: Title I - yes j | no { | SES level 
cultural factors 



?• Sequence placement of activity: i 1 initial [_ | development ^ \ practice 



8v Use of symbols: j | initial j | throughout ' ; final culmination 



9. Social interaction: j I large class j ; groups | j individuals 



; isolated 



EMC 



i. 



10» 'Materials used: ; r 



/ 



Generality of use: high --^^ low 



11, Variabilitv:' number of different examples or explanations 

^ V number of different materials 

12. "^Manipulative level: 

a. Level' of access':^ j remote demonstration 

^ Q 1 cooperative demonstration- 

• , i 1 large group action 

r 1 small group action 

( I individual 

b. Type of use: 1 ( object manipulation 

/ "1 object study 

{ { picture .^tiidy 

LH situation-object study 

n object-symbol progression 

I I paper-pencil nrogression 

c. n\y manipulated: [^\ game Q3| pu:^zle | | experiment | [ procedure 



13. Guidance: ■ highly i . moderately i minimally 

1 , ; varying % . ^ , 

{ structured » structured structured 



free 

exploration 

D - 



a. Teacher: 1 □ j Q [_ J Q 

b. ^laterial:| □ [ Q j □ ( (Z] ! □ ■ 

c. Rules: 1 ..„J arbitrary f | material-determined ( j non-relevant 

14. Cost of materials:" commercial - f ] high moderate | ] 1 



j 



Low 



non-commercial - PJ] high [ ] moderate | ^ | '^.ow 
15. Special classroom facilities: ' 



16. Teacher training: j experimenter f~{ special {J^H training [1_J mxnimaf ' 

taught sessions ^ mat.erials | training 

17. Extra staffing:' | [ no (ZJ y^^» | i 



18. Total cost of implementation: PH ^^"^.^'l'* mod^^rate > {- . | low, ' 

19. Correlation with educational orograui: < ^ - 



ERIC . • ' . 17.2 • ; V\ ■ ^ 



* D-3 
Part II.- Study Description Inventory Number: 



Purpose of study: 



2. Type of study: | j experiment / | ex no^n facto | | action j / case study 

( I survey Comments: 

3. Sample size: total - classes 'students 

per group . . , • ^/^ ^' 



4. Sampling procedures: | | selected [ | random, [ j unspecified 



1 



5. Variables: [independent: 



dependent: 



tests/measures i.sed: 



controlled: 



6. Statistical procedures: 



7. Procedures: 



f8; Findinr',£ 



1 



% Prediction: discuss - ( j definitely | | probably 
I cite - 1 I definitely ( f probably 



erIc ■ 1-^ 



/ 

/■ 



ERIC 



• /• 
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DATA FROM STUDIES ON 


TABI,E 2 




. -Study by ^irderson, 19.58; 

' / . 




'•wt" •<r- 


i 




' Test 


D£na: 


Means 


• 


t-test 


P 


y5 • . ^ - i * > 

; " Progress Test " ; 
(experimenter- 
constructed) 




rlr»terials 


Control 
26.67 






40 items « ^ 






/ 




« - 


r = .87 (KR) 




'.1. 


\ 






Surfaces Test: .0^. 






\^ 

^\ 






oO Items p ^ 












r = .87 




28.47 


27*70 




n.s. 


Solids and Right 




















• 




r"= .89- . i 






• 






Cbo'th experimen- 
ter-constructed) 


\ 




* 






Retention Test 
(experimenter- 
constructed) 




11.25 


>• 

10.68 


1.42 


n.s. 


28 items 












r ^ .89 
















> 









Study jby Babb, 1976 



Test Data: Gain score 



Materials ' -Imagery Text F * . p 



Recall 'of 



basic facts . -89.17 70.26 78.56 4.86 , .01 



(6 versions of 

Stanford 

- Diagnostic • » 

Arithmetic Test) 

'4,0 items 
r =..90 



Sum of scores on 5 tests during treatment minus initial test s.core, 
after adjusting with covariate Df score on Metropjolitan Achievement Test. 



M-I is significant, T-M is not (p. 71). 



1^-4 r 



Study by Blslo, 1971 



Test 



Data: Comparisons of means 



Posttest in 
Fractions 

(experimenter- 
. .constructed) 

27 items' 



East 
school 



Use . 
19.21 
19.34 



Passive 
. use 

17.60 



17.41 



West 

fa cl^C^ 1 



19.87 
19.64 



20.13 



19.41 



17 b 




-Study by Bledsoe et al;, ,1974 



Test 

Basic?' Skills in 
.rAflthmetic Test 

Post test 



Data:. Adjusted means (Covariance: pretest),- F ratio 
Material s Paper-pencil 



30.70 * 



29.19 



27.39 



.001 



Retention test 



30.88 



26.28 



63.50 



,001 



f,".\ 



i / 



.y 



4 ! 

i ( ' 



/•f ^ 



Test 



Data: - Heans 



F ratio 



Experimenter- 
constructed test 

12 items 



Direct 



2.97 



Indirect 



3.19 



Verbal 



2.03 



10.79. 



Study by Bring, 1972 ^\ 

i 

Test " Data : Means t-^test 

Posttest I Materials "Control 

(Experimenter- • ' * 



^constructed) 21.94 19.92 1.42 .01<p<.'f^5 

16" items ' y 

. . . • . y 

r = .85 .(KR) / 



Posttest II, 

(Experimenter- ' 
constructed) 25.02 20.79 2.82 V005 



17 J 



6 
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Study by Brown, 1973 












y 




Test 


Data: Means 








. * 
p 














Textn-film 












/ Text-only Text+film 


Text+mat. 


+mat. 








I 


California Test 












/ 


- 
/ 


- % 

> i 


of Basic' Skills 




30.79 "35.17 


39.81 


36.67 








V 


Test-^ of Basic - 














t 




Arithmetic Skills 




18.53 20.13 


19. 9Z 


20.11 








(needed to under- 


















stand^ concepts 








- 










in film) 


















24 items 




• 














Experimenter- 
constructed test 


















30 items 
Pretest 
Posttest 




— ■ 

7.80 8.04 
9.01 11.92 


9.38 
12;82 


8.18 

,.,vi.3.91 • 










Mean gain * 




1.2l" 3.88 


■ 3.44 


5.73 






\ 

V 




* 

Effectiveness 


index 


.0546 .187^3 


.2156 


• .2597 


• 




- 


ii 

No significance ^levels 


were reported by the 

V 

»? 


researcher. 














*»•■ 
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Study' by ColtKarpT" 1969' 



i' - i 



Test. 



Data: Means 



t-test 



Achievement test 
. % (experiment^rr- 
, doristructed) 



Concrete 



28.30 



Abstract 



0.57 



ERIC 



I'Sli 





! 
i 
i 






• 


\ 

'i 








i 

Studyoby Cook et:;ai. 


, 1968 


\ 

\ 


• 










Test 


Datat 


Means 




F ratio 




i*' • • 

fe.. " 


o - , *' 


Text 


TV " 


TV+text 


Materials 








/ 

Teacher- 
constructed J:e?t 


87.85 


82778 


88.17 


88.47 2.536 


1 

.10 




Metropolitan 
Readiness Test ' \ 
(used as covariat,e) 


16.21 


16.52 


• 

15.85 


15.51 






[ 


I 

i 

1 

\ 


• 








1 

1 

1 

! 
j 






\ 
j 

\ 




It 


I Si 




j 
j 


■ 


•r-' 










/ f 


/ ^ 































Study .'by Davidson, 


1973 ' 








) ' Test, y 


Data: Mean gain in months p ' • 




\ \Iowa Test- of 
. ' Educational 
. . Achievement 
- (Arithmetic 


Gtade 
3 


Materials 


Control 




I Concepts ^section) 


av/lo IQ 


5*05 


7*58 n.s. 






3 






*: 




hi 'IQ 


3.86 


7.74 . ' n.s. 
















av/l^IQ 


7.62 


7.88 n.s. 






4 










hi IQ- 


8.04 


7-74 n.s. 




Note: . Significant differences 


were found 


on conservation tests. 

t 










t 

^ \j 

/ ' 




V 
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Study by Dunlap et al, 1971 

Xest Data : Means ' ^ 

ComiJ^rehensive Test ^ Materials Text 

of Basic Skills: 



Arithmetic, Form 01 ^ 
Computational pre 



35/41' 36.71 



/ 



Arithmetic 
Achievement Test 
(experimenter- 



iSi 




Skills Subtest ^^^^ 42.4?. . 43.71 ii-s. 



Knowledge of pre _ *' 15-53 .^-^ 

Concepts Subtest ^^^^ 17.51 ''ifr.SO' "^V"* - n.s. 

Applications pre 10.33 10.55 

Subtest p^gt 10.90 11.47 n.s. 



Total .'^ pre 61.27 ,64.07 . , ■ 

' post 70.83 73.69^ n.s, 



constructed) 
Manipulation 


posttest 


11.01 


10.26 


.05 


Computation. 




18.31 


21.41 


n.s. 


Applications 




1.72 


1.57 


n.s. 


Total 




31.04 


33.24 


0 n.s. 



Study by Isarhart, 1964 



Test 

.Cali?f drnia 
^AchSevement Test, 
" -tipper Pximary 



Reasoning 
Fundamentals 



Data ; Grade level equivalents 
Materials / Control 



4.15 



4.27 
3.84 



t-test 



1.95 
-5.82 



n.s. ■ 
.01' 



» 1 





Control 



29.0 



t-test 



3A.6 



1.'45 



/ • 
14.7 
69.4 
58.7 
11. ,4 



13.0 
10.3 
6.1 
6.5 
23.8 



T 



Study by Macyy 1957 



/ ; 



Test - 

Iriyentd'ry of 
Mathematical 
Concepts (KJC) 

for Grade 3 (pre) 

50 items 

r = .944 (KR) 

for Grade 4 (post) 
.5*6 items 
r^ ^ .929 (KR) " 



Data: Means 



.Materials 



29.2 



30.2 



■ Teacher-made tests: 
Calendar (19 items) 
Addition facrs. (81) 
Subtraction facts (81) 

' Mea'sijres (13) 

Decimal system, 
fractions (17) 

Place value (13) 

Fractions (8) 

Problems (10). 

Total - • • 



13.6 
71.4 
61.8 
It). 9 

'/ 

12 ..6 
9.4 
5.3 
4.8 

23.7 



.Study by. McMlllian, 1973 . 
•Test'. ; . . ... Data; Means 



< "Learning test*'^ ' 
X experiment et- 
. '\ , V cons bju^*^ ted) 

'^^ 59 items 



Materials 
'■ J -* 

33U2, 



^ fcontrol 
36. iV 



t-test 



1-47 



.ir.sV 



Transfer test 
(experimenter- 
cohSLtf Ucted) 



3.40 



5.28 



1.35 



n . s ; . 



Retention test 
( exp er imen t er- 
constructed) 


/ • 

29.85 


30.15 


. O.IA 




'A 


' ^ ' L 


« 


! 


-1* 


0 





/ 



■J 



> ERJC 



lay 



•I'M 



' MICROCOPY ReSOLUIfON TLSI CHART 



.... .w.. 



/ ■ 



-Data^ .M eans 

Materials- 



;?^;Muit ip 



pre . 
/ „ retention 



40;;8a 



^gpvariance: pre-post ^ 

^ / difference 19.40; 



post-reteri- 
tiph diff . 



Controj. 

-. 49;. 96 
26 M 



1.76, 




. Fc Tat-id 

-6.12. 

604.. 7J; 
5,41.25 

551.85. 

26i.74 



.65v<-' 

ioi 
.^1 



.or 



Division / 



xovariance: 



pre 
post 
retention • 

pre^pqst' 
difference 

post-reten- 
tion diff . 



£2.58 
33.3.1 
"36.52 

22.97 

=0i74 



1^^.7-5 
19>36 
16. 2& 

4,. 64 
-2.39 



,429.56 
544. op 



-m.88,, 
26V80 



.01 
. .01 
.01 

* •% 
.01 



NOTE:. 




Separate cpvariance is also shown for pupils whose IQ is less than. 105. 
Trends a^ Che same as .above. , ^ ' 



S tudy^ by Nickel , 1971 



irest 



Data: Means; 



Stanford. Achieve-. - - :Materials 



<f^'- taeht Xest: - 
Arithmetic 
" Applications 

Form X, posttest 



A3 



14.43 



.Verbal 
A2 



11.41 



Control 
' Al 



13.16 



Fbrm-.W, retention 



14.59' 



♦14.86 



13.96 



er|c 



I9{. 




StiJdy-.By, .^f.oSrofth^. .1974 



iTect. 



efimenCer- 
develao 

\ 4 # ,;^825 ' (KR) 

. TAre-i >f6rinulasr 
; Square 



Data :- M^p<fgains 



-;parall.eiqgr 
%iangley' 
^ "trai^ezoid 

* Appiying with 
' integers; 

^' 

square ^ 
■right 'triangle 
rkl»lelb&raih 



'triaagle - , 
trapezoid: f 

^Applyine with 



; , -^r? t i pnal numb er s : 



.5833 
.6006 
• .2499 
- ' .0002 
.0600 
> - . .' 



.0000- 
.0000 

1:2500 

.0000 

.0060' 



.4583 



.4614 
.'1999 . 
.7999 
•.4662 , 

.doob'^ 



,.0000 
.'2000; 
.1.7999- 
.0000 
. .0000 



.1538. 
.1499 



Multimodel ' \ Unimodel ' Expository 



i8888' 
i769i2 
.S,799. 
.5714 
.9231 ' 



.22-21' 
.5384 

1.5999 
.4286 

- .5384- 



n . s . 

m/e^ .■bdl2i^"''-u/e, .029 
•ni/.f,, .:Q35 I: ' ■ 
n.s. 



n.s. 



n . s .. 

tV/ei -.0077 



n.s;.- <! 
n.s'. 
liiS . 



. 3704 ■ 

.3d77\ 

1 '3y- 



ight :^-mg^f:m^^-y'^^.5^o^;_ 

paralleiograml , "^^^^^^'^-^^^--^^i^BO ■ ^SOOO -'K-^r-i 

, triangjLej' ' \f • .0000 - ""'Taodb^^W&; ^2857 
trapezoia' \ .0000 



.;0000 ■"*^^'^"^^38i§l6^^V 



i n.s • 
n.S:. 

d/e, .0259 
' n.s.;, 
n.s. 



4k' 



. / 




193 



i-rO- - -.V- 



\StUdy: '^fey Tobtn^. 197A . 



■Test 



•met id^ AchieVeme^^ 
Test fop Retarded^ 
Childr^A 
(giyen to 
a^es 9-^12) 



iotal.test: 



Cpritents* 



Prer 


iPost- 






•21.,47" 

■ ■ / • 




■<i 


#••7' 






/"^' 




26.r74- 




2.8 


• V .56 . .79- 


.01 



rlndiv0ial; Arith- 
miotic Test ^ for 
' Children 



Ages .64§ 

1 ^ ' 
• I 95 items 







c 


""""V 
















1 












W 




Total tesi: 


. <i 


3^55 


n.sv 








\ ' 


Applications: 


<.!'■'. 


2.23:<i5'- 


h • s • 


1 . 

t 

- i 










Operations: 


1.68 


<1 








f : ' . 




f 


Contents 






^ n;siv 


i ' ~ 








1 



















7 



'ERIC 



s ' J - " ' 


» 


^ V 

b 


• 


■"V 














Study bv trask,./ 197:3 






• 


ft 






' 9 ' * - 
i . > ' 




\> 

Test 


Data: Means 




tftest . 




* 




: V . ' 


• . Computation test 
Y ' . (Experimenter- 
' ' ■ .constructed) 


Materials. 
, 14.90 r ' ^ 


Symbolic • 

16.14 ; 


.7.65 


n.s . 




\ ' ' 






♦ 24 items- 














- ' 




r = .8048 (KR) 


/ 








• 




k . ^ 






/ 










>, / 




s. 


Application test 
* . (Exp^erimenter- 
constructed) 


/ 

• 6.73 '• 


! 

' 7.14' 


-.405 


n.s . • 


4 ^ * 








16 items 

r ^- ;-9061 (KR) - 






/ 

... \ 






to. 


r - 














■ '■/: 




• 


■ 


- 

Total test- 


• -21.63 


f 

23.14 


.580 


n.s 








,- 


K 4Q items' 














-» " 

: . ■ ' 




r = .8923 (KR) 


J 




A 




e 










^ ' \ 












k • , • 
i , . ' • 

i ERIC : 




\ 

1 


* * J 


195' 

t 

! . , „ , 


/ Vr 









, Study by\ -Weberi..l970. 



Test 

'Metropolitan 
Readiness test- 
Arrthmetic: t 



Oral/xest/pf 
Understanding,, 
(intervfewX' 



196\ 



Data: 



Means;. (pr.e) .Materials 



Mid SES, 
Low SES^ 



Mean dif- 
ferences 
(pr^rpost) 

Mid^ SES 



E ratio 




48.. 46 



^Paper-pencil 



44. 86' 



/low SES 



2i78 
2.82 



2.45^/ 
2/5^ 



Methods, .492^ 
SES, •dis- 
interest, .003 * 



n«s« 



number 
correct 

number 
incorrect' 

percent 
correct i 

percent 
incorrect 



901, 



155 



,853 



,147 



V656 



301 



.-685 



.315 



/ - 



Chi square = 
80.6233 



/ . 

,001" 



i" 



